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PART I. 

CIRCULATION. 



{.Reprinted from tfie British Medical Journal, 1871.] 



EXPERIMENTAL INVESTIGATION OF THE 
ACTION OF MEDICINES. 



I.— Ths Stamdahu of Hbaith. 
Modes of Investigation. — Pathology. — Pharmacology. — Life. — Cendi- 
tiens of Health and Disease.— Effect of Drugs.— Direct and Indirect 
Action. — Local and Remote Action. — Dose. — Modification of Dose. — ■ 
Cumulative Actisn.-Effect of Habil, Climati, Fasting.— Form ef 
Administration. — Effect of Large and Smalt Doses. — Homaopaiiy. — 
Constitution and Idiosyncrasy. — JExplanatian of these from Experi- 
ments on Animals. — Connexion of ChemiccU ConstHutian and Physi- 
ological Action. 
Gentlemen,— The usual mode of investigating tie action of a remedy 
is to give it to a patient duiitig an illness and observe wbat dianges 
otxai in the symptoms after its administration. But it not unfrequently 
happens that medicines ore given without any distinct change in the 
symptoms ensuing; and, even when one does take place, we very often 
cannot be sure that it is due to the medicioe, and not to the course of 
the disease or some other modifying cause. For, if the remedy and the 
disease ate both at work together, it is obviously impossible for us to 
decide what paj^ of the result is due to tlie one and what part to the 
other, if we neither know what the course of the disease would have 
been had the medicine been given, nor what action the medicine would 
have had if the disease had not been present. Any attempt to investi- 
gate the action of a remedy by giving it under such circumstances is 
like that of a rifleman to learn shooting by practisiug only at dusk, 
when he cannot see the butt, much less the buU's eye. lie might go 
on practising for ever in this way without making any improvement ; for, 
when he missed, he would never know whether it was because be bad 
not seen the mark properly or had not aimed steadily at it. If he 
wish to learn, he must practise by daylight, when he can clearly see 
the mark, and can thus be sore that every miss is due to unsteady aim. 
He win fire high or low, to one side or the other, as he Ends neceS' 



snry, and, by gradually correcting every error, his «im will al last be 
sure. Should he then be called on lo stand sentry on some dark night, 
and shoot at some suspicious object without hitting it, he would know 
that hia failure was due to his not having seen the object distinctly, and 
having consequently aimed in a wrong direction. And just as the 
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under which they Operate are at present in a great measure unknown, 
but the effects they produce cannot he definitely ascertained from in- 
sufficient knowledge of what the result would have been had they been 
withheld. Of late years, it is true, vigorous efforts have been made to 
determine what course diseases run when not interfered with by medi- 
cines; and, although it is ofbrn difEcult to say what the sequence of 
symptoms will be in any particular case, depending as it does not only 
on the general course of the disease, but on individual peculiarities of 
the patient and on the varying circumstances in which he is placed, we 
may nevertheless ascertain with tolerable accuracy whether or not our 
treatment is beneficial in a genera] way, even when we cannot deter- 
mine its effects in detail. 

Very inexact and very unsatisfactory as such a knowledge of medi- 
dnes as this necessarily is, it must for the present be our guide in prac- 
tice in a large number of instances; and our treatment at present and 
for some lime to come will be chiefly empirical, because our knowledge 
of pharmacology, and perhaps still more of pathology, is not yet snfG- 
qiently advanced. For there is hardly any disease in which we know 
the exact nature of the morbid changes which are occurring, or the 
precise organs or tissues which are their seats; and, with some excep- 
tions, we are but very imperfectly acquainted with the structures ou 
which our remedies act, and the exact mode in wtiich these are affected 
by them. Day by day, however, our ignorance is diminishing; and 
we may hope that ere long rational treatment will to a great extent 
Bupetsede blind empiricism. It not unfrequenlly happens at present 
that we meet with a case which hears a very close resemblance to 
others which we hare treated successfully, and which nevertheless 
obstinately reasls the remedies which we had previously found set- 



viceable. Onr &.ilure astonishes and vexes us ; but ve ue ^norant of 

its cause, and we can only select some other dnig by guess and try it : 
we cannot al once choose the one which will have the desired efFect. 

PatKoLoUY.— In order to choose a drug which will have the elTect 
that we desire to obtain, we must Itnow where the morbid changes are 
taking place, and what their nature is ; and we must be sure that our 
medicine will act on the affecled part, and in such a way as to counter- 
act the disease. We must trace every symptom which we see, bock to 
its unseen source ; every flush on the cheek, every quickening of the 
pulse, back to the vaso-motor or cardiac nerves, which have allowed 
the capillarieE to become dilated, and thus produced the redness, or 
hare permitted the heart to beat more rapidly than its wont. We 
mast then inquire what has produced this alteration in the nervous 
system, and so on, till at lost we discover, if possible, the hidden cause 
of the mischief. We will then give that remedy which will act in the 
proper way on the part which we believe to be the seal of the morbid 
process ; and, if the expected result does not ensue, we shall, at aoy 
rate, have discovered what the patliology of the disease is not ; and, by 
trying a remedy which will act in a different way or on a different 
structure, we may frnd out what it really is. 

When I Rpeak of the pathology of a disease, I do not mean those 
obvious alteradons In the structure of an or^an which we meet with in 
past morlem examinations, but the so-called functional changes which 
precede and are the cause of both them and the symploins. For ex- 
ample, the disorganisation of a man's liver by the presence of an 
abscess, or of his kidneys by fatty degeneration, is not the disease from 
which he sulTered, any more than a field strewn with slain or crowded 
with heaps of wounded is a battle. The disease was the alteration in 
(he nervous and vnscukr systems, and in the nutriuon of tissues, which 
we call the inflammatory process, and which produced the abscess and 
degeneration, and the disturbance of the same systems to which these 
lesions in their turn give rise ; just as an army may not only lose the 
battle for want of the Rssistance which its slain and wounded would 
have Biven, but its retreat may be embarrassed by their presence. 

The insufficiency of present modes of treatment, and the Urgent 
necessity which exists for an accurate knowledge of pathology and 
pharmacology, are shown by the manner in which any new remedy is 
seized upon and applied in ail sorts of cases, even in those wiiere a 
knowledge of the morbid processes going on, and of the aeliou of the 
remedy itself would al once liavc indicakd that hatni, and not benefit. 



must ensue (ram its application. It is unnecessary to discuss here the 
majiuer in which pathology must be studied in order that an accurate 
knowledge of it may be obtained ; I may merely indicate as examples 
the works ofCohnheim, Brown -Sequard, Sa.nder60ti, Stockvis, Strieker, 
snd many others. 

Pharmacology. — In studying pharmacology, our first object is to 
find oal on what structures a remedy acts. For this purpose, it is of no 
use lo give it to a man either sick or wetL We may do so in order 
to find out what general symptoms it produces ; and from these symp- 
toms we may guess at the structures affected; but, in order to con- 
vert our hypothesis into certainly, we rai;st apply it to these struc- 
tures or organs, and to them alone, and see whether the general result is 
the same ; or we may prevent it frnm reaching them while it is applied 
to all other parts of the body, and observe whether the elfect is ahsenL 
For this purpose, we cut off from one or other parts of the body the 
supply of blood which carries the drug along with it, or we may so in- 
jure the part that its function is abolished, and no action exerted upon 
it can produce any effect. But it is impossjhle to do this in man, and 
so we must have recouise to the lower animals, in which we can pro- 
duce at will the conditions we desire. Although the administration of 
medicine to a. patient is really an experiment, we vary the conditions 
in which it acts to so much greater extent in animals, that it is conve- 
nient lo call the latter mode of investigation the experimeiilal milhod, 
and the former that of clinkal iibsei'.iation. 

Now pathology and pharmacology may go on hand in hand both in 
teaching and study, but they must always be preceded by physiology ; 
for, unless we know the processes which lake place in the healthy 
organism, it is impossible to understand the changes they undergo in 
disease, or the effect of drugs upon them. I will, therefore, here say a 
few words r^prding the processes in which life consists, before pro- 
ceeding to speak of the mode in which they may he modified by the 
action of remedies. 

LlFE.^ — We meet with life only in certain bodies composed of carbon 
combined in a very complicated manner with oxygen, hydrogen, and 
□itrogen ; and it may, generally speaking, be said to be the power 
which these bodies possess of assimilating to themselves other sub- 
stances, of decomposing thetu, and of evolving enei^, which is shown 
in active motion, active growth, etc. Evolution of energy in thb way 
is the distinguishing mark of life. When we look nt a grain of wheal, 
an KSb '^ " dtied wbeel-animalcule, we nre unable to say whether ot 



thcai 
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not it is alive; it is only when it begins to evolve 
moulding other substances into conformitf with its o 
active growth, as in the seed or egg, or by active mot 
malcule, that we are able to decide the question. V 
these bodies originally came to possess their compli 
and wonderful powers ; but the evolution of enei^ by which we re- 
cognise the continued presence of life seems to be more intimately asso- 
ciated with chemical affinity than with other forms of energy, such as 
light, heat, or electricity. All these forms of energy modify the pro- 
cesses which occur in living beings, both-those which are chemical and 
those which we term vital, and apparently in much Ihe same degree ; 
but whelher they modify the vital only through Ihe chemical, we are at 
present unable to say. Instances may readily be found in which life 
continues active, although one or other of the forces mentioned is not 
supplied to the living body from without, and is only secondarily 
present as a result of chemical changes going on within. Thus a seed 
in the earth, a fungus in a cellar, or a proteus in its dark cave, live and 
thrive without a ray of light ; and the whale and walrus in the Arctic 
seas are independent of any external heat, their temperature being only 
maintained by combustion taking place within their own bodies. But 
there seems to be no instance of Tilaliiy alone continuing active when 
a stop has been put to the occurrence of chemical changes. Sometimes 
both chemical and vital processes are suspended together for a time, as 
in a grain of wheat or a rotifer when it is kept dry, or in an egg when 
kept coo! and coated with varnish to exclude air. So long as chemical 
activity remains dormant, no other form of energy can awake the 
latent vitality. Duly when the conditions necessary for chemical trans- 
formation of the proper kind and amount are supplied, does it again 
liecome manifest. Thus light or heat may be applied in any amount or 
any proportion to an e^, a seed, or a dried rotifer, and srill they will 
not grow or move if the air be withheld from ihe former or the moisture 
from the two latter, which is essential for the production of chemical 
changes within them. 

Conditions of Health and Disease, — These changes of which 
I have been speaking consist in the assimilation of certain sub- 
stances, their decomposilion within the organism, and the rejection of 
waste products. A due proportion between these constitutes health. 
Just a* a fire can only be kept bright by raking out the ashes and sup- 
plying fresh fuel as that in the grate burns away, so an organism can 
only be kcpl healthy by removing the products of waste and supplying 



fmb nntriment [ts its tisiues get decomposed during action. The con- 
ditions necessary for this purpose are seaired in the simplest forms 
of life, sncli as the amtebi, by the little mass of protoplasm moving 
about in a fluid which can supply the oxygen to keep up combustion 
and evolve enei^, and the nourishment necessary lo replace the rante- 
rinl thus used up, and can at the same time remove the products of 
waste. In higher oi^anisms, the little niiasses of living material of 
which Ihey are composed, and which are for the most part fixed, are 
nourished by a fluid in which they are bathed, fresh portions of it being 
supplied by its constantly Bowing Oyer thein, instead of their moving 
like the amceba through it. 

It will simplify onr conception of this subject if we fix in our mind's 
eye one little mass of protoplasm sr cell, and consider what changes 
will be produced in it by different conditions. Any aiteration in the 
amount of the nutrient fluid, or in its composition, will necessarily pro- 
duce a change in the nutrition of the living matter lo which it is 
supplied. If nutriment be withdrawn, the cell will begin to bum 
away. If oxygen be withheld,) l) or the products of waste be not re- 
moved, combustion will cease, and the cell will die. If nutriment oi 
oxygen be supplied in insulBdent quantity, or the products of waste 
only partially removed, the cell may adapt itself lo the altered circum- 
stances, and its nutritive and Functional processes go on in the same 
way, but lo a less extent than before ; or they may become deranged — 
that is to say, the cell becomes diseased. The limilH within which 
the cell can adapt itself to changes in nutrition are the limits of its 
health. The higher animals, however, are no mere aggregation of 
cells, each nourishing itself independently of the others ; for each cell 
has its own peculiar function, each its special Irind and amount of nou- 
tishmentj and none must do either loo much or too little worlt, none 
most have loo much or too little nourishment, or the nutrition and 
functional activity of the body as a whole cannot be properly main- 
tained. This delicate adjustment of the several parts to one another is 
secured by means of the nervous system, which regulates at once the 
activity of any oipin, the quantity of nutritive fluid supplied to it, and 
the amount of material it shall take up. The means by which it acts 
are, its direct influence on the nultilion of cells themselves, (z) ns ii 
seen in the salivary glands 1(3) or its indirect action through the circula- 
tion in slowing or quickening the heart, which propels the blood, in 
contracting or dilating the vessels which convey it to any part, or t!ie 
capillaries which allow the actual imtritive lluid ui lymph lu filter out(4) 
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lates the composition of the nntritive fluid by maintaining a due relation 
between the activity of the body, the supply of new material by diges- 
tion, md the separation of effete products by the excreting glands. 
On account of this mutual dependence of all the parts of the body on 
one another, if one gets wrong, it puts the others out of order. Thus a 
sudden chill may act on the vaao-motor nerves, and cause contraction 
of the vessels of the skin; and the blood they contain is thus thrown 
baclt on the internal vesBels,(5) and congestion and inflammation of the 
kidneys ensue. In consequence of this, they no longer excrete as they 
ought the eflete products, which then accumulate in the blood, react on 
the nervous system, and this again on the muscles; and so the circle 
goes on. In the case supposed, the renal arteries have not had power 
to contract sufficiently to resist the increased pressure and prevent con- 
gestion; while in another they might have done so, only allowing so 
much blood to pass as to increase secretion, and, by thus lessening the 
fluid in the blood-vessels, to counteract the effect of vascular contrac- 
tion in the sldn, restore the normal pressure, and preserve health. 
When bII the oi^ans are able to accommodate their nutrition and fiinc- 
tion to great alterations, we say tha health is strong ; but when they 
can only do so to slight ones, we say the health is wcalt; and when 
this is the case with one organ alone, we say that it spedaily is wealt. 

Effect of Drugs. — TTie nutrition of a eel! may not only be altered 
by changes in its supplies of nutriment and oxygen; but it may be modi- 
tied or destroyed by the addition of certain substances to the nutrient 
fluid. Thus a wealc solution of alkali may increase or diminish the 
rapidity of the changes which it undergoes, by hastening the removal of 
waste products if they be acid, or retarding it if they be alkaline; whiles 
weak add will have an opposite effect. Certain metallic salts may slop 
them altogether by forming a firm compound with the substance of the 
cell, while other bodies may enter into combination with it for a time 
(possibly repladng some ordinary ingredient of its nutriment), aga.in 
passing out and leaving it in its primitive condition, but altering during 
their stay its physical characters and functional properties. Such seems 
to be the case with cnrare, which, when injected into the blood, para- 
lyses the peripheral cuds of motor nerves ; but, if life be preserved by 
artilicial respiration, the poison is excreted, and its effect passes oif. 
No change can be noticed in the nerve-libres, either by the naked ^e 
or microscopically, during the paralysis ; and this was supposed to show 
that great functional alterations may occur without any structural 
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of the poison. It is possible 
that the change in physical properties shown by this distinctness of out- 
line may be only the indication of some more important alteration in 
their chemical composition; but, whether it be more chemical or phy- 
sical, a change at any rate takes place; and to tliis, I believe, we must 
attribute the alteration in ftmction. 

Whatever be the composition of protoplasm, the snbstances which 
are associated with it in the composition of different cells are at any 
rate different; and, although the same nutritive fluid is supplied to 
them, ttiey do not all take out from it, or give out to it the same 
substances in the same proportions, but some take up more of one 
thing, and some more of another. And they do just the same with 
drugs added to the nutritive fluid. Thus lime-salts naturally exist in 
the blood, and are carried by it to every part of the body ; but, while 
the bone-cells lake them up in large amount, nerve-cells assimilate an 
almost inGnitesimal quantity. And if we feed an animal on madder, 
which has an aftintty for lime-salts, the bones become deeply stained, 
while the nerves and fat retain their normal colour. (G) It is possible, loo, 
though experiments on this point are wanting, that a substance added 
to the nutritive flaid maybe taken up by two structures, but may have a 
very different effect On the One from what it has on the other ; just as a 
grain of sand, which would have no effect on the machinery of a loco- 
motive, may totally stop the movements of a watch. We do not know 
whether sulphocyanide of potassium and cuiare are taken up equally by 
nerves and muscles or not ; but the former salt will paralyse the muscles 
without affecting the nerves, while curare will paralyse the nerves, but 
leaves the muscles intact. (7) 

The cells composing one structure, then, take up and are acted on 
by some drugs, and not at all by others; while other structures are 
much affected by the very substances which had so little action on 
the lirst. 

Direct am> Indirect Action.— When any drug is taken up by 
a structure and acts upon it as curare on the ends of motor nerves, we 
term this its i/irtci action. But, as all parts of the body are dependent 
on one another, some other structure may be affected, not by the action 
of the drug upon it, but hy that which it has exerted on the first part. 
This is its indirect action. Thus, when curare has been given to an 



animal, it occasionallj happens that the nerves going to~diere3p{rstorr 
muscles become paralysed before those which go to the extremities. (8) 
The muscles of respiration then cease to act, the blood is no longer 
arterialised, carbonic add acciunnlates, and, hy irritating the nerve- 
centres, produce couvulsions, which cease when the action of the poison 
extends to other nerves. In this case neither the muscles, the blood, 
nor the nerve-centres, arc acted on directly by the curare. The muscles 
will contract if stimulated, and, if the lungs be artificially supplied with 
air, the blood will be arlerialised as usual, the convulsions will cease, 
and life may be preserved. The non-arletialisation of the blood, the 
occurrence of asphyxial convulsions, and death, ate thus due to the 
indirect action of cnrare. 

Local and Remote Action. —Before curare could reach the nerves 
on which it acted directly, it was necessary for it to enter the circula. 
tion, but it had no marked action on the spot whence it was absorbed. 
Other substances, however, produce an eflect on the spot to which they 
are applied, and this may l>e independent of any effect which they pro- 
duce after absorption. This is termed their loeal action. Thus Strong 
sulphuric acid taken into the stomach combiues with its tissues and 
forms a slough : this is its local action. But besides this, the irritation 
in the stomach produces through the nervous system a weakening effect 
on the heart, the circulation slops, and the person dies. It is not the 
sulphuric acid which has found its way into the circulation and acted 
on the heart, hut the irritation in thestomach conveyed to it throogh its 
nerves. This is the remou effect of the acid. 

DoBB.— The effect produced by any remedy depends on several con. 
ditions. The first of these is the amoutil existing in the blood at any 
given time, which we may call the aetiial dose, to distinguish it from 
the usual dose administered by the stomach or otherwise, a part of 
which may not be absorbed, but remain inert at the point of introdnc- 
tion. The action which a drug has on the body is not dependent on 
on the proportion it bears to the body on which 
) that an amount which is a small dose for one person is a 
e for another. (6) Thus if a grain of some active substance 
: the same time into the veins of a full-grown man and into 
those of a boy of only half his weight, it will be distributed through twice 
as much blood in the man as in the boy, and each tissue will only re- 
ceive half so much of it. The dose of a drug must therefore be n^- 
lated by the weight of the patient ; and thus women, being lighter, re- 
quire a smaller amount than men, and childrenless than adults. Though 
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it would be more exitct, it is not always convenient, to wi^igU patknts ; 
but in eiperiments on animals the weight of the animal should alwaj^ 
be carefully ascertained, as well as the amoaot Qf the drug administered. 
If a substance be injected into the veins, the whole of it mixes with the 
blood and becomes active immediately, and the maximum effect is thus 
at once obtained, and will again diminish as the substance is excreted. 
But the case is different if it be injected subcutaneously, and still more 
if it be given by the stomach or any other mucous cavity ; for as soon 
as some of i t is absorbed excretion begins, and thus part of the drug is 
passing out of the blood while another part is being taken in. The 
amount in the blood is, then, only the difftrcace hehaan that absorbed 
and thai excrtted in a givit! lime, and absorption may be so slow or 
excretion so quick that there is never a sufficient amount of the snb- 
stance in the blood to produce any effect. Thus Bernard found[7) that a 
dase of curare which would certainly paralyse an animal when injected 
into the veins or even subcnlaneonsly, would have no effect when intro- 
duced info the stomaiJi; and Hermann(S) showed that this was due to 
the kidneys excreting the poison as fast a; it was absorbed from the 
stomach, by tying the ureters, when the animal became paralysed as 
surely as if the poison had been introduced at once into the veins, 
though not so quickly. The more rapid the absorption, or the slower 
the excretion, of any drag, the greater will be its effect. Thus the effect 
produced by the same dose of a medicine will be io proportion to the 
rapidity of its absorption from the different parts to which it has been 
applied, unless the differences be so slight or the excretion so slow that 
there has not been sufficient time for the removal of any considerable 
qnanlity from the blood. On this account we must diminish the dose 
of a medicine in order to obtain the same effect, according to tlie 
rapidity of absorption from the place to which we apply it. Absorp- 
tion is quickest from a serous membrane, then from intercellular tissue, 
and lastly from mucous membrane. The vascularity and rate of absorp- 
tion from intercellular tissue is greater on the temples, breast, and inner 
sideofthearmsandlegs, than their outer surfaces or back.(9) It shouldnot 
be forgotten that any drug introduced into the stomach but not absorbed 
into the blood is as much outside the body as if it were in the hand, 
for any effect it will have on the system, provided always it have no 
local efiecl on the gastric walls. By the differences between absorption 
and excretion under different circumstances or in different individuals, 
Ihecuraulative action of drugs, the effect of idiosyncrasy, habit, climate, 
condition of body, as fasting, etc, disease, and form of administration, 



can to a great extent, though not entirely, be explained; but experi- 
ments on some of these points are deficient, and the explanations now 
given are to some extent theoretical. 

CuMnLATlVE Action. — If a snbsiance be naturally so slowly ex- 
creted from the body that the whole of the dose in ordinary use is not 
excreted tiefore another is given, the aaiount present in the body will 
gradually increase, just like the curare in Ifermann's experiment, and 
will produce an increasing or cumulative effect. Examples of this are 
to be found in metallic preparations, such as those of mercury or lead, 
which are excreted very slowly, or in some of the organic alkaloids, 
snch as digitaline, if given in sufficiently laige and frequent doses. The 
size of the dose and the frequency with which it must be repeated in 
order to produce a cumulative elTcct will differ acccording to the rapidity 
with which the drug is excreted ; for, if excretion be rapid, a larger 
dose, or more frequent repetition, will be required. The long time 
which elapses before a dose of opium takes effect on some individuals 
is probably due to its being very slowly absorbed; and the power of 
one man to take, without apparent elTect, an amount of alcohol or 
opium which woul'i intoxicate another, to its either being more slowly 
absorbed from the stomach or intestine^ or more quickly excreted by 
the lungs, skin, or kidneys, so that the amount present in the blood at 
any one time is never sulhcient to produce toxic effects. ire;tcretion from 
the skin and lungs be stopped, as by going from a warm room into the 
cold air outside, while alcohol is still being absorbed from the stomach, 
the amount of it in the blood is increased just as with curare,(S) and 
intoxication ensues. 

Effect of Habit, Climatb, Fasting, akd Form of Adminis- 
tration. — The effect of habit in lessening the action of drugs may be 
due to increased power of excretion or diminished absorption ; and that 
of a warm climate in increasing the action of narcotics,' such as hyos- 
cyamus, to their excretion being hindered by the diminution in the 
amount of urine consequent on the increased cutaneous transpiration. 
A medicine taken by a fasting person is generally more rapidly ab- 
sorbed and has a greater effect than if the stomach be full, as is well 
known in the case of alcohol. The form of administration has also an 
effect on the rapidity of absorption. When a drug is given in a soluble 
form in small bulk it is more quickly absorbed, and will have greater 
effect than when given in an insoluble form or moch dilated. So a 
glosB of brandy will have a greater and more rapid elTecl if taken raw 
Ih.in if diluted with a laige amount of water; for if three limes its bulk 



of water haye beeu added to it, tlie stomach must absorb four timeB ai 
much fluid before ihe same amount of alcohol could enter the blood- 
circulation ; at the same lime the greater amount of water in the blood 
increases excretion by the kidneys, and thus we have the actual dose 
ofalcohol diminished both by slower absorption and by quickened eiicre- 
tion. It must not, however, be forgotten that the action of alcohol in 
Ibe blood is complicated by its local effect on the stomach, and this is 
greater when it is given undiluted. 

Large and Small Doses. — The effect produced by a small dose of 
a drug is sometinies exactly the opposite of that produced by a large 
one. We cannot say exactly why it is so; but we very generally find 
that any substance or any condition, whether it be acid or alkali, heat 
or electricity, of which a moderate amount increases the activity of cells, 
destroys it when eKcessive.( i ) 

HOMIEOPATHY,— This opposite action of large and BmaD doses seems 
to be the basis of truth on which the doctrine of homceopathy has been 
founded. The irrational practice of givjug infill ileslmal doses has of 
course nothing to do with the principle of homceopathy— jiwiKVii similibas 
curan/ur; the only requisite is that mentioned by Hippocrates, when 
he recommended mandrake in mania ;(lo) vi;., that the dose be smaller 
a healthy n: 
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it is not pioved that all drugs have a 
doses, and homoeopathy, therefore, c 
rule of practice. 

CoNSTnuriON and Id iosvncras v.— Variations in the action of a 
drag cannot be entirely explained, however, by the varying amount in 
which it may be actually present in the circulation and acting on the 
body. Another modifying element of great power is censtitnlion. In 
animals generally, we have certain arraugemenls for producing motion, 
others for the rt^ulation of these, and others, again, for supplying ihera 
with the material necessary for the performanre of their functions. But 
the pails which enter into each of Ihcac are not equally developed in all 
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animals ; in some one part preponderates ; in otliers, another. Even 
in aoiinals of different species, and in individuals ol (he sajne Epedes 
wlere the relative size of organs seems tie same, diiTorences nevertheless 
exist ; and tlie presence of a few cells more or leas in a ganglion, and a 
few fibres more or less in a nerve, may alter to a very great extent the 
action of any substance on the oi^anism. When a medicine given to 
one person produces an effect sligMy differing from that which it 
generally causes, the difference is said to be due to consHtulion ; when 
its difference is great, it is said to be due to idioiyncraiy. Now, these 
eifects may be merely due to differences in absorption and excretion, as 
has been already explained, or to tfae dilTereot rdalrue development of 
other parts, especially parts of the nervous system. It is easy to under- 
stand the altered effect which may be thus produced, and to perceive 
the ambiguity of such terms as "nervous stimulant", when we recollect 
that different parts of the nervous system act exactly in the opposite 
way to others ; and if anything should act on both of these, It will pro- 
duce an opposite effect according as one or other part is more de- 
veloped and more powerful. Thus the vagus nerve has the power of 
rendering the heart's action slow, and the sympathetic of quicken- 
ing it ; and any drug which irritates them both, will make the heart's 
action slow if the vagus be more developed, or quicken it if the sym- 
pathetic be stronger. Thus two hor.ses of unequal strength, pulling in 
opposite directions, may counterbalance each other ; but if both be 
struck with a whip at the same moment, the power of the stronger 
becomes evident, and he pulls the weaker aller him, 

A good example of this action is given by muscarin, an alkaloid 
obtained from a poisonous mushroom, Agaricus musearim. Pro- 
fessor Schmiedeberg, of Dorpat,(lj) has shown that this alkaloid pro- 
duces great irritation of the vagus nerve, so that in frogs the heart will 
stand still for hours logelher, When given to dogs, it sometimes makes 
the pulse slow, but sometimes it quickens it ; and one might therefore be 
inclined to say that when it produces quickening it cannot be acting on 
the vagus. But the explanation of this phenomenon is, that muscarin 
does not act on the vagns alone, but has also an effect on the vaso- 
motor nerves, producing dilatation of the vessels and diminution of the 
blood-pressure in them. Now, lessened pressure acts as a stimulant to 
the sympathetic, and quickens the heart. In this way, muscarin stimu- 
lates both vagus and sympathetic, and the pulse is rendered quick or 
slow according as the power of the one or other is greater in the par- 
ticular dog to which it Is given. In frogs, the blood-pressure has no 
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most animals, the slowing 
.nlly exerted during health; 
a^iter. But in tlie rabbit, its 
power is comparatively small, and the increased rapidity of the pnlse 
after its division is but slighL In mast dogs, on the contrary, its power 
is great, and, if it be cut, the heart beats very much quicker, and sends 
more blood into the atleries, sq as to raise the pressure in them. If 
we measure the pressuic of the blood in the arteries of a rabbit and of 
a du|;, and then cause them to inhale nitrite of amyl, we Bnd that the 
small vessels have became widened and allow the blood to pass easilj 
out of the arterial system into the veins, so that the pressure sinks con- 
siderably in the rabbit, but it sinks only slightly in the dog. The effect 
seems at first sight different; but when we examine it more closely, we 
find that the heart of the dog is no longer beating slowly, but very 
qaickly, so as to keep up the pressure, notwilhslandlng the rapid flow 
of blood through the widened vessels, while the heart of the rabbit was 
going so fast before that it could not go much more quickly. If we cut 
the vagi in the dog, so that the heart goes as quickly as in the rabbit 
before it begins to inhale, the blood-pressure sinks during the inhala- 
tion, just as it does in the rabbit.(i2) 

I have given these examples at length, because of their important bear- 
ing on the qnesiion how far conclusions as to the action of medi- 
cines on man may be drawn from those which they exert on the 
lower animals. Now, the action of curare in paralysing the ends of 
motor nerves is one of the simplest and least complicated examples that 
we can take, as the very nature of its aclion prevents disturbances in 
other systems from showing themselves ; and we find that it is exactly 
the same b the Indian who accidentally wounds himself with his 
poisoned arrow, in the game which he shoots, or in the frag on which 
we experiment. 

Motor nerves, the structure on which C 
in all, and in all are its results the same. 

And as we have seen that, in the lower an: 
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aett are similw in man and tte lower animals, lie action will be alike, 
and that variations will be observed just in proporlion to the difference 
between his slnicture and tlieirs. Hut as it may be difficult or im- 
possible to detect these differences except from their effects, we ought 
to test our conclusions as to the action of remedies by giving them to 
a healthy man, and observing whether Lheir effects are such as we 
have been led, from, our experiments on animals, to expect. 

Disease. ^The ililTerent effects of a medicine in disease from those 
produced by it in health may be partly due to differences in the dose 
actually present in the blood from altered absorption and excretion, 
and partly to the alterations produced by disease in other oi^ans, 
which may interfere with their direct, and probably to a much greater 
extent with their indirect, action. But what the alterations in each dis- 
ease, and the ways in which they will modify either the direct or 
indirect action of remedies, really are, can only be determined by an 
increasetl lino wl edge of pathology and by actual clinical oiiBervalion. 

Chemical Constitution and Physiological Action. — I have 
spoken thus far only of the changes in the body ami the various effects 
whicb they produce; but I must not leave this subject without mentioning 
the wide field of research which has been opened op by the remark- 
able discovery made by Drs. Cram Brown and Fra.ser,(l3) of the relation 
which exists between chemical constitution and physiolc^cal action. It 
was known before that one drug would act only on one part of the body, 
another on another part; but they have shown that change; in the 
chemical composition of a drag may not only alter its action, but transfer 
it to a different structure: bo the addition of sulphate of methyl to 
strychnia, brucia, or thebaia, causes ihem to act on the terminal 
branches of motor nerves instead of on the spinal Cord, while a similar 
addition to other alkaloids removes some of their actions but leaves 
others unchanged. Further researches of this kind may enable us to 
determine what parts will be acted on by a drug after a definite change 
has been effected in its chemical constitution ; and the progress of phy- 
siological chemistry in ascertaining the composition and properties of 
the tissues renders it not impossible that such knowledge may yet be 
acquired as that spoken of by Locke in the following words, " Did we 
know the (mechanical) affections of the particles of rhubarb, hemlock, 
opium, and a man, as a watchmaker does those of a watch, whereby it 
performs its operations, and of a file, which by rubbing on them will 
alter the Ggore of any of the wheels, we should be able to tell before- 
hand that rhabarb will purge, hemlock kill, and opium make a man 
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sleep." And even though our knowledge should never reach this extent, 
the rapid advances which it has made of late years, the power of altering 
the chemical composition of the organic alkaloids, and along with it 
their physiological action, which we now possess, and the fact that one 
of them (conia) has already been made synthetically, (14) incline us to be- 
lieve that we may by and bye make substances which will produce the 
physiological effects which we desire, and that a future lies before thera- 
peutics of which at present we can hardly dream. 



II. — Action of Drugs on Photoplasm : General Di 

FOR EkPKRIMKNTAL INVESTIGATION. 

Modes of Experimenting. — Caution. —Action of Drugs on Protoplasm. — 
Action on Vibrionts and Bacteria. — Coniagium Vivum. — Action on 
Futigi; OK Fermentation : on Putrefactian ; onOxidalion; on IVhite 
Blood Corpuicles; on Infiammathn. — Action of Gases. ^Stcps of an 
iKOestigatioH. — Administration of Drugs. — Oistrvatian of EffecU, — 
Interpretaiiott of Rautts.— Minimum FatalDose. — Various Channelt 
ofAdmittittration.-^Excretion. — Mode of securing Animals. — Instru- 
ments reguired.—Mode of making Cannulit, T-tubes, and Fens. — Mir- 
cotiiing Animals. — Aclion ofNca-eotiis, — Introduction of Canmtls into 
Vessels. — Injection of Fluids. — Division and Irritation of Nerves, — 
Artificial Respiration ; in Mammals ; in Frogs. — Administration of 
Gases or Vapours. 

GcNTlEMEN, — In experimenting on the effect of drags, our great ob- 
ject miBt be to localise tbeir action— to be able to My witli certainty. 
This is the organ on which this medicine acts, and such and ^nch is the 
action which il exerts npon it. There are two ways in which this 
might be done. 

I. We might give the medicine to animals of alt kinds, from those 
consisting of one simple cell upwards to the highest forms of life, and 
mark how its action became modified as we advanced farther and farther 
from the simple mass of sarcode, anit oi^n after organ became differ- 
entiated and developed. Unfortunately, however, Ihe knowledge of 
comparative anatomy and physiology which is required to interpret 
the effects that we might thus obtain is so great, and possessed by so 
few, that this method is at present of lillle use. 

X. We might take a highly organised animal, not very unlike man in 
its general stracture, and, by operative procedures, allow the medicine 
to act now on one and now on another part of the body, but never on 
■U at once, till we find ont those parts for which it has a particular 

This second method is Che one which we chiefly employ, but some- 
limes we may very conveniently use Ihem both, as in the cose of pro- 
CopUsm, the physical basis of life. 



Caittion. — As I intend not only to desciibe the ways In which ex- 
periments on the action of medicines are to be performed, but also to 
give examples of the concluiions drawn by various observers from the 
experiments which they have made, and of the way in which these 
conclusions have been applied, I lake this opportunity of strongly 
warning you, once for all, that yon roust distinguish very carefiilly be- 
tween the observations actually made by any one and the conclusions 
which he draws from them. Observations on the effect of a drug maybe 
correct, and yet the theory of its mode of action be erroneous; and both 
of these may be right, and still the proposed application of it to a dis- 
ease may he valueless from ignorance of its real pathology. All ob- 
servations, too, are not to be taken as facts : they must be confirmed 
by frequent repetition either by the first observer himself or by others 
before they can lay claim to this title. Their value depends to a great 
extent on the observer, and is in proportion to his power of seeing cor- 
rectly what is before him, and the exactness of his description of what he 
he has seen. Perhaps erroneous statements are dne in great measure to 
the results of eiperiments not being noted at the time when they were 
done, but written down from memory some time afterwards. When tliis 
is the case, they lose in a great measure their claim to the name of ob- 
servations, and they become merely thoughts or ideas of the observer. 
All ixpiriments should be notid dmun at thttinwwhfn thty are firfirmed ; 
and if they are not, the time which elapsed before they were written 
should be stated, that future workers may know what value to attach 
to the observation, and not be put to the unnecessary trouble of dis- 
proving it if it be erroneous. Before beginning an investigation, it is 
convenient to write out the questions which we propose to ourselves, 
and to note down what experiments will be necessary to answer them. 
We are thus les5*Iikely to make experiments al random, and to waste 
time without coming to any certain conclnsioD. 

Action on Protoplasm. — We may study the acriou of drugs on 
protoplasm either in unicellular organisms like the Infiisoria, in cilia, in 
white blood- corpuscles, orin those minute bodies— bacteria and vibriones 
— to which attention has of late been so much directed, and which, de- 
spite their minuteness, possess so much importance from their power of 
producing fermentation and decomposition in dead organic matter, and 
not improbably of cansing disease in living beings. For the purpose of 
studying it in Infusoria, we prepare an infusion of hay some days before 
we wish to experiment, and a solution in water of the drug which we 
wish to investigate. We then heat a piece of glass tubing in the middle. 
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draw it out and cot it across, so aa to obtain two little pipettes, which 
will deliver drops of nearly equal Ei;!e. Frora one of tliese we let foil 
a drop of infusion of hay on a glass slide, and examine it under a low 
power of lie microscope without a covering glass. We then let fall a 
drop of the solution of our drug upon it, mix tlie two drops well with 
a glass rod, and again examine them microscopically to see whether or 
not the infusorial aaimalcules are still moving. If they be moving, and 
continue to do so for some time, we prepare a stronger solution of the 
drug ; but if they have completely stopped when we looked, we make 
a weaker one, and again mix a drop with one of hay-infusion, repealing 
the experiment till we have got a solution of such a strength that a slight 
movement of ihe animalcules can be observed just after mixing the 
drops, but ceases almost immediately, and cannot be bronght back by 
adding water. We can then compare Ihe action of difierent drugs by 
observing of what strength Ihe solution of each most be, in order to pro- 
duce precisely this efrect.(i5) 

Professor Binz of Bonn has found in Ihij way thai certain substances, 
such as common salt, chlorate, chloride and bromide of potassium, alum, 
etc, appear to stop the movements of infusoria by altering the amount 
of water which they contain, as strong solutions cause them to shrivel 
at first, and then lo swell up and become motionless. Weaker ones 
make them swell hkewise ; bat their effect at first is different, as tliey 
do not shrive] up the animals, but, on the contrary, render their move- 
way which we do not underslaud, 
without producing any apparent 
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of tliese 
;, corrosive sublimate, iodine, per- 
te. After these comes quinine, less 
than other organic alkaloids. Even 
o higher animals, has barely one-fourth the power 
over these lower organisms which is possessed by quinine^ a substance 
which is dangerous lo mammals only in such lai^e doses that we are 
accustomed to look upon it as a remedy, but hardly at all as a poison, 

ACTIUN ON VlBRlQNKS AND BACTERIA.— ff a pleCB of boiled meat 
or while of egg be allowed lo lie in water for a few days, or a little of 
Pasteur's solution be exposed hi a glass, the fluid becomes milky, and 
vibriaues and bacteria are formed in large numbers. Pasteur's solution 
is made by dissolving ten grammes of sugar, five ditigrammti of tar- 
trate of ammonia, and one decigramme of yeast-ash, in one hundred cubic 




s u tbe Uood of ■■■ 111 affcoed hf il, and 
D fcudlj faa to be ■ilnMii.uMJL We aie^ (koc- 
loip. not at ill smpiiscd to kmi tkM Boaky a^ iW Ficsk Ctm- 
misEioii found (Gm/f. /ffmd. ixna, S^ AM. lABe all an^Jt lAidh 
Uw^ inocniatod with this ^staae died ab^ kfi to rhifulii i, bar 
rcMMnd oat oT five to wUdi tber had gnea cwfaotic add, a^ that 
otbei caws treated in the same w^ b; others gaic a like luoar- 
able result The striking coTrcspoodence between the tttBct actnallj 
piudoccd on the disease and ibat whidi we would expect Eroin its 
action on bactnia, which we sapfiose to be the cause of it, seems 
alio to be an evidence of the truth of the bjrpothesis that bacteria are 
the cause of the disease, and that carbolic add cores it bj kiniag 
tbcm. Before we accept ihis as a bet, however, wc shoold lest it by 
adding to one portion of the blood of a diseased animal, cai^lic acid 
in die same proportion as it was likely to be present in the blood of 
the one cured, and compating it with another ponion to which none 
had been added, and see whether the amount waj suHicieut to have 
any action on Ihe bacteria. If it were not sufficient, we should have 
to look for some other action of the acid lo explain its eflect 

Ai cases of malignant pustule or other diseases in which bacteria and 
vibriones are found in Ihe blood happily do not present themselves every 
day, Binz(l6) produced fever in dogs artificially by injecting infusion of 
hay or putrid animal matter into their veins, and then tested the action of 
quinine by injecting it either at the same time or shortly afterwards, 
Tlie quinine diminiahed the effect of the infusion, but not to the extent 
which be expected ; and this be thinks due to the infusion not containing 
vibrionci alone, but gases and other products of decomposition, whose 
action would not be afTiclcd by quiuiiie. Whether this be so or not, 
niuil be decided by fuithei exj>criments. He believes also that bay-fever 



is doe to vibrioneaj and he cured Hetmholtz, who had suffered from it 
for several years, hy injecting a. solulion of quinine inlo his nostrils. 

Action on Fungi. — When spores of the ordinary pcQicilUum or 
mould-fungus are thrown into Pasteur's fluid or syrup, Ihey grow and 
develope new spores. Two portions mu^t be taken, and the drug to be 
tested added to one and none to the other, and the amount of it neces- 
sary to prevent the forma.tion of spores must be noted. If carbolic aeid, 
corrosive sublimate, or very strong solutions of quinine, be added to 
them, their growth is prevented. 

Action oh Fermentation. — As butyric fermentation depends on 
the presence of vibriones( 17} and alcoholic on the yeast-fungus, we should 
expect that substuices which kill these would prevent fermentation. 
To test this, two glass-tubes or flasks are filled with a mixture of milk- 
water, grape-sugar, and chalk (from which carbonic acid will be set &ee 
by the lactic acid formed), or with a solution of grape-sugar or yeast. 
To one of them a certain amount of ihe substance to be tested is added, 
and both are then inverted over mercury and kept in a warm place for 
several days. The amount of gas developed is then tneasured; and, if 
the addition of the substance have hindered the production of gas, we 
know that it has hindered fermentation in the some proportioiL It 
has thus been found that quinine, amounting tOy^thpartofthe mixture, 
completely stopped the development of vibriones or the production of 
gas ; and other substances have a similar elTect. 

As many cases of indigestion, acidity, flatulence, vomiting, and sum- 
mer diorrhcea, more especially in children fed by hand, are most pro- 
bably due to the fermentation of starchy and saccharine food caused by 
vibriones, { 18) Bini thinks that creasote, quinine, etc., are serviceable in 
their treatment by stopping this. As it is the local action that is 
wanted, the longer the medicine remains in the intestine before being 
absorbed, so much the better will its effect be; and thus the greater benefit 
derived from bark than quinine in some such cases might be explained. 

Action on Putrefaction. — The antiputrescent action of drags is 
tested by putting a square of boiled while of egg into each of two ves- 
sels containing water and setting them m the sun. To the hquid in one 
vessel the drug b added, and the rapidity with which the edges of the 
square of while of egg on it become decomposed and soft is noted and 
compared with that in the other vessel. Instead of white of egg, a piece 
of meat or bread maybe used. The relative power of different drugs in 
stopping pulreraction does not always con-espond to the ideas which 
we would be inclined to form j for who woidd think that quinine would 



be more powetfiil tban such antiseptics as creasote, chloride of Ume, ol 
arsenic f and yet such ii ssid to be the case. So powerful is quinine, 
that a piece of meal placed in a solution of J per cent, of the sulphate, 
with a little dilute acid, remained in summer without decomposition till 
the fiuid was dried up, (ig) 

Action on Oxidation.^II fresh leaves of lettuce or dandelion are 
triturated with five or len times their weight of water, with tiee access 
of air, the fluid filtered, and fresh gu£ua.c tincture added to it, a blue 
colour is produced, showing that ozone is present in it. (zo) To test the 
action of a drug on the formation of ozone, two portions of the filtered 
fluid are put in test -glasses, and the drug added to one. Both are allowed 
to stand for one or two hours, with occasional shaking, fresh guaiac 
tincture is dropped cautiously into both, and by the greater or less depth 
of blue produced in each fluid we judge of the amount of ozone present 
in each. In this way it is found that quinine diminishes or stops the 
formation of ozone in these fluids, and at the same time the little proto- 
plasma-granules with which lliey abound are rendered motionless and 
altered in appearauce. There seems to be some connection between 
these pro toplasma -granules and the formatlou of ozone, as the stoppage 
of the one runs parallel with the alteration in the other. 

Quinine seems to have the power of diminishing oxidation within the 
body as well as out of it, since when injected into the blood it lessens 
the excretion of urea and diminishes the temperature both in health and 
disease during life, and liinders its rise after death ](2i) and this action is 
apparently not due to nervous centres regulating temperalure, or to 
changes in the circulation allowing quicker cooling by the skin. 

Action on White Blood-Corpuscles. — To examioe this, we take 
a drop of blood from the finger, put it on the under surface of a thin 
glass, and lay it over the opening in Strieker's warm stage (Strieker's 
HistQiogy; New Sydenham Society's Translation, p. 13), and examine 
it with a high power of the microscope, such as Ross's -^ or llartnack'a 
No. lo, at a temperature of 93° F. After satisfying ourselves that the 
white corpuscles are in active motion, we take a solution of the drug in 
fresh serum, or in half per cent, solution of common salt ; mix a drop of 
it with the blood and examine again. Or we may ute Max Scliidtze's 
wai m stage, which consists of a flat piece of brass covering the stage of 
the microscope, and having a long arm projecting at each side and a 
theimometer in front When a lamp is plated under one or both arms, 
they conduct the heat to the middle pari on which the object lies, and 
thus warm it to ocy desired temperalare. The drop of blood must hr 
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placed on a piece of glass Ihrec and a half inches long and two and a 
half broad, which is then laid on the warm alage.(22) The drop is next 
eoverai by a thin glass, and over all is pnt the lower part of a lamp- 
cylinder, through whose upper end the lube of the microscope slides, and 
round whose interior is put a piece of moiat blotting-paper to prevent 
evaporation from the blood. The drug is applied as with Stricter's 
stage. Solutions of corrosive sublimate and veralria, even in very mi- 
nute quantity, stop the movements of the white blood -corpuscles, but 
neither is so active as quinine. Strychnia is rather less powerful than 
any of these, and many other alkaloids much less so. 

Action on In fIjI mm at ion.— During inflammation, the white blood- 
corpnacles are very active, and crawl through the walls of the capillaries 
in much greater numbers than usual. It is, therefore, interesting to 
inquire what will be the effect oB this of any drug thai stops their mo- 
lions. For this purpose we curarise a frog and lay it on a large plate 
of cork with a hole at one side, (23) and another piece of cork half an inch 
high at the other. We fii the body of the frog to the raised piece, open 
its abdomen with a pair of scissor^ draw Out the intestines, and fasten 
the mesentery with very fine pins over the hole. In an hour and a half 
or two hours afterwards, white corpuscles come rapidly out of the vessels 
and wander over the field. We may then inject our drug into the circula- 
tion or apply it locally to the mesentery. 

Bim states that, when he injected quinine into the circulation, the 
nnmber of corpuscles in the vessels became diminished, and they ceased 
to wander out, while those already out continued to wander further, so 
that, instead of being evenly distributed over the field, they left a clear 
space round the outside of the vessel, in which few were to be seen. 
If, on the other hand, it be applied locally, tlie corpuscles which are 
already out stop moving while those in the vessel continue to migrate, 
and thus, instead of a dear space, a dense accumulation of corpuscles 
forms round the vessel. In order to produce this eflect, atuao *" juia.' '^ 
of the animal's weight of quinine is necessary ; and, if it were given to a 
man weighing ijo lbs., in order to stop the exit of corpuscles from the 
vessels in such a disease as peritonitis, three or four drachma of the 
medicine would require to be given within a short time. Uinz's obser- 
vations as to the effect of quinine on the white corpuscles have been 
confirmed by Martin, (24 J but have been denied by Schwalbe, (as) so that 
farther investigations on this point are very desirable. 

Action of Gases.— This is examined by putting the cells to be ex- 
amined on Strieker's warm stage, and bringing the gas into contact with 
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them in the manner described by him (Strieker's ffitteltigy, Sydenham 
Society's edition, p. 8). 

Steps of an Investigation. — The animak which we chiefly use in 
experiments are frogs, rabbits, guinea-pigs, and dogs. In invesligaling 
the action of a drug, we examine — 

1. What the symptoms are which a large dose produces. 

2. Taking the most prominent symptom, we inquire (aJOn what organ 
does the produclioo of this symptom depend? [i.} How has it been 
aflecled by the drug? (f.) Has this affection been primary or secondary ? 

3. We examine other ot^:aDS whkh we think may have been also 
aiTected, 

AoMiNisrEtATlON OP DRUGS. — To examine the general effect of a 
drug, we weigh the animal and then give it a large dose in our first ex- 
periment, in order to get exaggerated symptoms. It may be given by 
the mouth or by subcutaneous injection. In frogs, the substance may 
be injected either under the skin of the back or into the abdominal 
cavity. In rabbits, etc., it is most conveniently injected under the skin 
of the flank. In guinea-pigs, the abdominal parietes are very thin ; and, 
if we wish to compare experiments with different doses, care must be 
taken not to push the point of the syringe into the abdominal cavity, as 
the absorption will be then more rapid, and the same dose produce a 
greater effect. If we wish to give the medicine by the mouth, we either 
put it well back on the root of the tongue aud then hold the ammal's 
jaws together till we think it has swallowed it, or we put a perforated 
cork between its teeth, push an elastic catheter through the hole in the 
cork down the cesophagus into the stomach, and inject the drug in solu- 
tion through the catheter. Orfila used to introduce the drug into an 
opening in the cpsophagus, which he then ligatured to prevent vomit- 
ing ;(26] but since Bubcutaneous injection was introduced this method is 
rarely employed. 

Observation of Effects. — After the dme has been administered, 
we allow the animal to move freely about, but prevent frogs from escap- 
ing by covering them with a lai^ bell-jar. We then see whether the 
animal is restless or disinclined to move ; whether its movements are 
perfectly performed or unsteady ; whether or not its legs seem weak and 
paralysed, or convulsive movements or involuntary twitching* be pre- 
sent ; whether its heart -beats or pulse, and respirations, are quick or 
slow, strong or weak ; whether there is vomiting or purging diuresis ; 
saUvation; or dryness of the mouth; flow of tears, or dry conjunc- 
tiva; and whether the pupil be contracted or dilated. If the animal 
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seem asleep, we pincli it to ascertain if reFlex action continue after 
Tolunlary motion is gone ; and if respiration cease, we ascertnin if the 
heart still continue to beaL As soon as possible after death, we open 
the BDimal and see if the heart still be beating. If it have stopped, we 
note whether its cavities are full or emply, its walls flaccid or firm, 
and try whether it will still contract or not on pinching or scratch, 
ing it, or on irritating it by an electric current. We observe whether 
the veins are turgid or empty, the lungs pale or congested, the stomach 
and iotestines quiet or in active peristaltic movement, the spleen large 
at contracted, die hladder (iill or empty ; and the urine may be tested 

Intkhpretation of Results. — If we find in the course of these 
experiments that volantary motion is increased or lessened, we msy 
naturally conclude that the activity of the cerebrum is increased or 
diminished, unless the increase of motion should depend on pain, or its 
diminution on impairment of the motor apparatus. Unsteady move- 
ments, paralysis or convulsions, impaired reflex action on pinching, 
or stoppage of respiration before the heart, point to the spinal cord, to 
the nerves, or to the muscles; while quick or slow, strong or weak 
pulse, or stoppage of the heart before the respiration, point to the 
vaso-motor system or cardiac nerves; increased or diminished secretion, 
to secreting nerves; and full or empty bladder, and diminished or in- 
creased peristalsis, to the motor nerves of the bladder or intestine. We 
then try the effect of a small dose, and note in what respects it diflers 
from that of a large one. We thus ascertain in a general way what 
tlie organ is, which is chiefly acted on by any drug, and afterwards 
proceed to investigate the nature of the action by a farther series of ex- 
periments. 

MiMMUM Fatsi-Dosb.— If the dmgbe poisonous, we then try to as- 
certain the minimum fata! dose. For this purpose we weigh an anima! 
and inject into it a dose which we think will not prove fatal, wait a short 
while, and then inject more till death is produced. We then reckon 
how roach of the drug has been injected for every pound weight of the 
animal. We take another animal, and inject info it at once a quantity 
which will be somewhat smaller for its body-weight than that given to the 
first. The reason why a somewhat smaller quantity should be taken is, 
that some time was allowed in the former experiment for the excretion 
of part of the poison between each dose. If this amount prove fatal, 
we must give a still smaller quantity to another aniroal ; hut, if not, we 
must give more till we find the smalleBl quantity which will kill. 
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Various Channels or Administration. — The neirt point to be 
deterauned is, whether the effects are the same when given by the mouth 
or rectum, Qt other mucous surfaces, as by subcQtaneons injection. If 
we should find, as Bernard did with curare, that a sabstance which is 
active when injecled subcutaneously ot into a vein, has no effect when 
introduced into the moulh, rectum, eye, or bladder, we must determine 
whether this is due to want ot absorptioQ or to decomposition of the 
drag by the secrelions with which it becomes mixed. This is done by 
mixing it with these secretions, such as urine or gastric juice, allowing 
it to stand some time at the temperature of the body, and then injecting 
the mixture subcutaneously, and observing whether the usual effect is 
produced or not; or by ligaturing the ureters to prevent evcre- 



— Lastly, we examine in what maaner it is excreted 
from the body, As most solids are excreted by the kidney, we generally 
restrict this process to evaporating the urine, or testing it either chemi- 
cally or by injecting some of the extract into another animal. 

Mode of Securing Animals.— In order to deteimiiie in an esact 
manner what organs or parts are affected, we iire obliged to make use 
of apparatus of various kinds ; and, before these can be apphed to an 
animal, it must be prevented irora moving. Frogs are fastened to a 
frog-board by a piece of cord with a noose at the end, slipped over 
each elbow and ankle. The frog-board may consist of a piece of 
mill-board about nine inches long by three inches broad, with four 
slits at the sides to keep the cords in position, or of a piece of 
wood the same size, and from a quarter to half an inch thick, with 
holes, through which the cords are passed. They may be fastened by 
simply tying them together or by sticking a small wooden pin into each 
hole, or by four screws, such as are used by fastening the wires of gal- 
vanic batteries, placed in the edges of the board. The last way is, I 
think, the most convenient. Rabbits are best secured by Ciertnak's 
holder and board (shown in fig. l). The best cord is strong window- 
cord. The one end should be flattened with a hammer, and turned over 
so as to make a small loop, whose two sides are then firmly bound toge- 
ther with waxed thread. Through this loop the other end is passed, 
and the noose thus made is ready to be drawn light at any moment. 
The other end of the cord should be cut to a point and also bound with 
waxed thread to prevent the strands unravelling. The rabbit is placed 
on the board, the nooses slipped over the legs and drawn tifjit, and the 
ends of each cord passed through the screw which will be nearest it 



wben the aniniEd lies on its back. The rabbit is then tamed orer, sad 
the cords drawn through the screws and fastened. The bar -i is then 
put between its teeth, and the screw ; turned till ^ and g fit tightly over 
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Cieniuik's Rabbit Hatdit luid Board. A. The board. 

down, by ihf Dut r. 1'he fark'^ arc h<dloi>>, sd that the uds of 
be pa£5C(I into ihcm and fastened by vbr -' *■ ■- ~ "-- 
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._ „ „ bent bara wfajchpjm 

under tbc chin and Jver [he nose of the animaU and are braugbt together by 

the uiojeclions on ^,'and draws the ends off' and ^ together. These press 
on die rabbit's awt and onder jaw and keep The teeUi firmly Lacked over the 
red *. » JH are screws for fimiK the cords which confine the lera. _ Thej 

respond, and the coid can then be easily pushed through ; but when the milled 

k and the outer pars. The coidi may cilher be fastened directly in the screw 
or paued first through one of the holes in the edge of the boartL The hoard 
should be coveted with a large pad of Tndia-tubber &tufled_ with horsehair. 



its muijle, and the projecting ends of ^ fixed into the ends of/. "Dags 
may be fastened by Bernard's holder (fig. 2A), or by a simple bar of 
iron put behind their canine teeth. A piece of cord is first tied round 
the upper jaw, the bar pat into the mouth, and the two jaws tied firmly 
over it. A split strap may he used instead of the cord. I have had a. 
bar made with a bole at each end, into which a fork of steel passes, and 
is secured by a screw. The fork may then be fasEetied by a nut to an 
upright rod, as in C^ermak's holder |fig. zn]. Cats and guinea- pig; may 
be fiistened by Cicrmak's holder. For guinea-pigs, a little padding must 
be placed between g and g' in order lo make Ihera calch the head. A 
simple bar and cord may also be used for rabbits, cats, and guinea-pigs, 
as well as (oi dogs. 



Instkuubnts Required.— The instnimetits which we generally re- 
quire for operations are — sponges, one pair of large scissors and one small 
pair, cutting well at the points, scalpels, forceps, small bull-d{^ forceps 
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A 11 Benard'a doff-hotder. if if: a melD.1 riiiE, within which abenf piece ofumFfll, 
if ia moved up and down bv :he &i;rew c. ^ is a straichc piece, which it 
bflcncd by a screw Co a, andean he moved nearer id or farther ftDin a atwre- 
mwmlinB yiece at *. These Iwo pieces lie under Ihe lower jaw of the dog[ 
the bent ^ece6 ia screwed down on iuntHe, and the Snip i buckLed behind 
Itfl head, which is thus firmly lixed- It may he moved hade or forward hy 
llidlnglherodrflhroughlheoute. arupand down hy mosing e on ^ which 
a a stronB iron rod fitslened to a (able or board by Ehe u:rew g-. 

tipper Jaw, the bat / pasHed behind the canine leeth of the dog or cat or in- 
in the tticurb, the foiled ends of * are pushed through huwnt m I, Hiju 



with smooth points, blunt hoobs, a small aneurism-needle, Satteued 
sidewise and with a rounded point (fig. 3 c), ligatures, finder (a kbd of 
probe set in a handle to open up the lumen of a divided vessel), 
syringe, cannula:, a piece of card, small whalebone -probe, and one or two 
swine's bristles. As these ate very apt to be mislaid during an opera- 
lion, I find it convenient to bavea small wooden tray about three-quar- 
ters of an inch deep, with thin upright sides, and divided into com- 
partments, one for each kind of instrument. It is advisable, also, to 
have on eittra instrument or two of each sort. 
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Way of Making Cannhl^e. — Cannula: for injecting into venels 
may lie made of metal (lig. 3 c) or of glass. Glass ones can be easily 
made of any size required by heating a piece of glasa-tubing over the 
flame of a bIow-pi[>e, and drawing it out in the middle, as represented 
by the dotted line (fig. 3 d.) Il is then heated at a and slightly drawn 
ont, so that a bulging piece is left between a and f ,- it may then be 
heated and very slightly drawn out at #, then cut with a three-cornered 
Ble at c, and the point ground obliquely off on a hone. If the point be 
at all sharp, its edges may be rounded in a gas-flame. When the 
cannula is introduced into a vessel, a ligature at a prevents it from 
coming out : it may he connected with a syringe or with any piece of 
apparatus by a piece of India-rubber slipped over the other end and tied 
ali, A cannula for connecting an artery with a kymographion may 
either be of this sort, or may be made of metal of the shape shown in 
fig. 3 A. As it is difficult to hold it with forceps, it should be put on a 
piece of wood or whalebone of the shape shown at B. This both holds 
it firmly, and the point entering the vessel allows the cannula to 
be more readily pushed on into the lumen. A few notches on the side 
of the cannula prevent the vessel and ligature with which il has been 
tied from slipping off the end. By means of the little ear at c, it can 
be tied to the tube, on to which it is fitted. 

Mode of making Cannula, T-tubes, and Pens. — CannolEe 
for the trachea are made by closing one end of a tube, directing a small 
blow-pipe flame against a point in its side till it is quite soil, and then 
suddenly blowing into it. The Soft part expands into a thin bulb, 
which is scraped off, and a hole remains in the side of the tube. The 
object of this hole is to allow the air to escape during expiration. In- 
stead of a hole in the cannula, one may be cut in the side of the India, 
rubher tube to which it is coimected; but this is more apt to be acd- 
dentally closed. The tube is then drawn out into the form seen at 
Fig. 4A, cut off at both ends, and one end ground obliquely off on a 
sandstone with some water. 

A knob may be made at the ends of other cannula; for various pur- 
poses, by heating the end and striking it against a piece of glass or iron, 
or by heating the end in a flame, continuing to blow steadily through 
the tube while you do so. 

T-tnbes are made by blovring a hole in the side of one tube, in the 
same way as for a respiralion-cannula ; and then putting the heated end 
of another tube over it while the first Is still hoi, so that the two stick 
together. The joint must then be annealed by heating it in an ordi- 
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nary gas-flame, rrfocing the sire of the flame gradunlly, so that (be 
glass may coo] very slowly. 

Pens for uae with a. kymogr^pliion are made by drawing tubes to a 
point, as shown in Fig. 3, e and f ; and grinding the point on a fine 
hone, and ronnding it, if necessary, in the flame. 
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rhe point ptojecH tfirouKh ite smaller opening in 
□F the vessel readily, c i3 a motal amntjlA whidl 

sows the arieinal tabe drawn out in the blowjnpe- 
I the finished iraiknula, r and p are two pieces of 
lake pens. They may be attached b^ pieces at 



Narcotising Animals. — Narcotics cannot be given in all cases to 
animals on which we experiment, as their action must to a certain 
eiteol complicate that of the drug which we wish to investigate. We 
cannot use them when we are observing what are the general symptoms 
which a medicine produces. But, when we are investigating its action 
on particular otgans, we may often use them, not only with safety, but 
with advantage, when they have no action on the particular organ which 
we are stndying, or so little that its disturbing influence is more than 
compensated by the diminished muscular action, and consequent ease 
in performing the experiment, which narcotics produce. 

It is almost unnecessary to say that, in all cases which admit of it, 
narcotics should be used, as we have no right to inflict any unnecessary 
pain, although we may be justified in taking Ihe hves of the lower 
animals in order to preserve the more valuable hfe of man, either by 



mpI^Ting him with food b; means <if those killed in the g1angbt«r- 
house, or by obtaining the knowledge which shall enable us to cure dis- 
ease bjmeansoflhosekilled inour experimenls. The narcotics which we 
use are opium and chloraL Chlorofonn is inadnusBible, as ils adminis- 
tration generally seems to cause dogs mnre pain than the expeiiment 
itself, and rabbits are very easily killed by iL 

A convenient form of giving chloral is a solution coataining half a 
grain in l minim or I grammi in two cubic ceitliinSlra o! water. The 
dose for a frog is 2 to 5 ctnligt'ammes, or about 1 to 5 drops. The dose 
Ibr guinea-pigs is about 13 minims of this solution for an animal half 
a pound weight ; and more or le^ may be given, according to the 
weight of the animal, iS minims being given to one weighing three- 
quarters of a pound, and 24 to one weighing a pound. About the 
same proportion of dose to weight may be employed for rabbits. 

Opium may be given in the form of iaudannm, or of solution of 
acetate or hydrochlorate of morphia. Much as it is used, the proper 
dose for different animals has not been exactly delermined. We do not 
often employ it to narcotise guinea-pigs or rabbits, but frequently for 
dogs. The dose for a medium sized dog is ahoi't 40 minims or 24 
cubic centiinilns of laudanum, ot 2 drachms of liquor morphi;e, which 
is equal to I grain or 5 eentigrammes of morphia. This dose is for in- 
jection into a vein : when injected subcutaneously, rather more should 
be given. If the dog be attove or below middle »ze, tlie dose must be 
proportionately increased or diminished. We must be careful not to 
give too much opium to old dogs, or they will die. Opium is pre- 
ferred by some to morphia, as producing more certain narcosis, and 
being less likely to produce the excitement and hypemsthesia which 
sometimes follow the adminiatratioo of morphia. 

When we wish to render the animal absolutely motionless, or to 
observe what effect any drug will produce after the motor nerves have 
been paralysed, we give curare. Small doses of this remarkable sub- 
stance paralyse the motor nerves of muscles, but leave the vagi and 
vaso-motor nerves unaffected. Large doses of it seem also to cause 
paralysis of the vagi. It slTects the blood -pressure to a certain extent, 
moderate doses contracting the vessels and raising the pressure, while 
Urge ones lower it. The dose of curare for a frog is about i to 5 
drops or more of a solution of I part in 1000. The dose varies with 
the aiie of the frog and the purpose for which we wish it. If we wish 
to observe the circulation microscopically, we must not give too large n 
dose, or the heart may stop. To rabbits, j to i cubic ce'ilimiirc or S 
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Id i; minims, and to dogs, 4 to 6 cuUc tealimitm or I to 9 dntchnu, 

of Huch a solution, may be given.* 

Definite rules cannot be laid down as to tlie experimenCs in which 
narcotics may or may not be used. The experimenter himself raosl 
judge in each case whether their action is likely to disturb that of the 
drug to be experimented on or not. For this purpose, he must know 
the action which the narcotics themselves produce; and I will, there- 
fore, mentioD in a. few words what that of each. is. 

Action of Narcotics. — Chloral acts on the brain, producing deep 
sleep, during which there is no sensation or Tolnntary motion. The 
reflex function of the spinal cord is first increased and then diminished 
in frogs ; in guinea-pigs and rabbits, it is diminished for thermal irrita- 
tions, but not for tactile ones — pinching producing reflex action, but 
burning or pricking none. It leaves the motor nerves, vagus, and 
musdes unaffected ; bat diminishes the activity of the respiratory 
nervous centre, rendering the breathing slow ; and of the cardiac gan- 
glia, somewhat weakening the heart. It lessens the blood-pressure and 
temperature, probably by dilating the vessels at the surface as the car of 
a rabbit becomes hot and its vessels dilated, while the general tempera- 
ture is faUing.(27) 

Opium is a mixtnre of several alkaloids, some of which are purely 
narcotic, while others produce tetanus, just like strychnia, and otheis 
partake of both characters. This is the case witli morphia, in which, 
however, the narcotic qualities predominate. In small doses it Hist 
slightly increases, and then diminUihes the irritability of motor and 
sensory nerves, and the reflex action of the cord, the irritability of 
the vagus (ends and cential roots) and the musculo-motor apparatus 
of the heart, and the temperature. If the dose be large, those functions 
may be at once lessened. The blood-pressure varies, but is generally 
raised. (28) 

The advantage of giving either n narcotic Or the drug to be investi- 
gated by injection into a vein rather than subcutaneously is, that the 
action is immediate, and we know that the whole of the dose has 
taken effect; wberens, after subcutaneous injection, a part may remain 
for some time in the cellular tissue before it enters the blood and 
becomes active. The most conveoient vein is the external jugular. In 
dogs, however, it is sometimes more convenient to inject (lie narcotic 
into a vein which tuns obliquely across the outside of the hiod knee- 
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joint. Before injecting, we must inlrodm 
and the introduction of a cannula into c 
tlie proper performance of whicli the suci 
depends. 

Introduction of Cannul/E into Vessels. — First, the hair must 
be c!eanl7 clipped or shaved away, and loose hairs removed by a, moist 
sponge. The skin, subcutaneous cellular tissue, and cutaneous muscles, 
are divided with a scalpel, and any bleeding vessels are Iwiste.! or liga- 
tured. If the vessel lie deep, the muscles are separated from each 
olber by the finger of the operator, or by a. blunt aneurism -needle, and 
any unyielding connective tissue maybe cut by a pair of scissors. That 
surrounding the vessel itself should be separated from it by the aneurism 
needle. A closed pair of forceps ma.y be pushed mider the vessel and 
then opened. This both raises it from its bed, and lays bare a con- 
siderable part of its course. A couple of ligatures are now canght 
between the jaws of the forceps and drawn through. The proximal 
end of the exposed part of the vessel is now compressed by a pair of 
smooth-pointed bull dog- forceps, or a ligature laid in a simple slipknotj 
one ligature is lirmly tied round the distal end, and the second ligature 
is tied in a loop round the middle, but is not drawn light. A small 
piece of calling card, about an eighth of an inch broad, is then slipped 
under the vessel, so that it may rest on it and remain steady ; its walls 
are then snipped by a sharp-pointed pair of scissors just on the distal 
side of the loop. The finder, or aneurism -needle, may be introduced 
so as to make the opening more distinct, and, if necessaiy, this may be 
enlarged by the points of ttie fnrceps being introduced, and then sepa- 
rated. One lip of the divided vessel is seiied by the forceps, the 
cannnia introduced, and the loop drawn tight over it so as to lie it 
firmly into the vessel. The cannula is then filled by a small glass 
pipette with the flnid to be injected, the syringe is fitted on, the bull- 
dog forceps removed, and the requisite amount injected. The bulldogs 
are again put on, and the syringe removed. 

iNjttCTiON OF Fluids into VEsaEtS.— First, we prepare the solu- 
tion to be injected in a test or a watch-glass, and see that the syringe 
is in working order. The most convenient is one for subcutaneous in- 
jection, with a glass barrel and a graduated piston. On the piston-rod 
a small nut screws up and down, so that it can be set to any figure on 
the rod, and thus prevents it from being any further pushed in, so as 
to allow the ejcact amount required to be given at once, but crevent 
cclJenlal injection uf nuie th^in this amount. The end of the 



34 

barrel mnst either Et directly jtilo a cannula of llie shape shown in fig. 
3 c, or it may be adapted to a glass cajinula by tyinE a small piece 
of India-rubber tubing to Che cannula. The cannula is then intro- 
duced into the vessel as already described. A Rne pipette must be at 
hand, made by drawing a piece of glass tubing to a point, and by 
this the cannula, or cannola; with the attached India-rubber tubing, 
must be carefully Riled with the Huid, so that no air-bubbles remain. 
The syringe is then connected to it, the slip-knot of the ligature un- 
tied, or the bulldogs compressing the vessel in front of the cannula 
removed, and the necessary amount injected. Tlie slip-knot is then 
re-tied, or the buUdf^s replaced, if a second dose is to be giveo. If 
no more is to be injected, the vessel may be firmly ligatured. 

Division and Irritation of Nerves. — The nerve must be laid 
bare, and separated from the smrrounding connective tissue in the same 
way as a vessel, especial care being taken never to seize the nerve 
itself with the forceps. Blood must be removed by a sponge 
squeezed quite dry, and tiie nerve must on no account be touched with 
water. If we wish to remove any adhering clot, or if the nerve bap- 
pen to get dry through long exposure, it may be moistened with a 
little saliva or serum. A director is then pushed under the nerve, or 
we raise it up by a ligature passed below it, so as to secure the 
adjoining vessels from injury, and we then divide it by a pair ot 
scissors. Very often we vrish to have the nerve prepared for section 
some lime before we actually divide it. We then pass the ligature 
under it and tie the two ends together, so as to prevent the ligature 
from being pulled from below the nerve, and thus form a loose loop 
by which we can at any moment raise and divide the nerve. 

Nerves may be irritated by pinching, the application of strong saline 
solutions, or heat ; but generally we use Pulvermacher's galvanic for- 
ceps, which are made of alternate wires of copper aniJ line, and dipped 
in acetic acid, or, still oftener, the interrupted current &om Du Bois 
Rejmond's iudnction coil. The most convenient electrodes for this par- 
pose consist of two wire points, about a quarter to half an inch long, and 
an eighth to a quarter of an inch apart They may either be set in an 
ivoiy handle, or ihey may be simply fined in a piece of glass tubing 
by means of cement or sealing-wax, or simply pushed through a piece 



piKATioN IN Mammals.— A rtiiidal respiration is 
chietly used to keep an animal alive after it has been poisoned with 
curare, for the purpose of rendering it perfectly still during an expert- 
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metll ; or after the thoracic covity has been opened for obEcrration or 
experiment on the viscera it contains. It is performed by introducing 
n cannula inio the trachea, and inf)a.ting the lungs by means of a bel- 
lows connected with it by India-rubber tubing. 




To introduce the cannula, an incision is R\ade in the middle line 
betow the cricoid cartilage through the skin and cutaneous muscles; 
the larger muscles Ij-ing along the side of the trachea are separated 
from it by an aneurism -needle or the handle of the knife, and a strong 
ligature is passed under it by an aneurism -needle or forceps, care 
being taken to avoid the veins which lie close to its posterior walL A 
round or oval piece must then be cut out of the front of it by the 
scissors or knife, and the cannula introduced, and tied firmly in by the 
ligatare. 

When the knee-shaped metal cannula is used, it is advisable to posh 
the heel of the cannula into the trachea, so that the tube lies qoite in 
Its lumen. After the cannula has been tied into the trachea, the ends 
of the ligature may be fastened round the upright bend of the knee, to 
ensure that it do not slip out. The bellows may be simply held in 
the hand, or fastened to the under side of a table by means of a piece 
of board screwed to its upper side and larger than the bellows itself, so 
that there is a rim of board all round. A few screws passed through 

a projecting rim into the under side of the table hold the bel! 



fast. A smajl pallej (one used for wiiidow-blinds will do) is then 
screwed into the under side of tliE table, and a cord passed over it. 
One end of the cord is fastened to a piece of board a. foot and a half or 
two feet long, which serves as a treadle ; and the other end to the under 
board of the bellows, so that it may be drawn up when the treadle is 
pressed down by the foot. A weight must be attached to the under 
board of the bellows, in order to draw it down again after it has been 
raised. The respiration is Itept regular by. depressing the treadle in 
accordance with the beat of a metronome set to beat the proper 

The apparatus may be rendered more complete by the introduction, 
between the bellows and trachea of a valve which will allow the air to 
pass readily towards the trachea, but hinder its return. Such a valve 
may be readily made by passing two pieces of glass tubing through the 
coik of a wide-mouthed bottle, and partially filling it with mercury or 




water. The tube nearest the bellows must descend nearly ti 
bottom of the bottle, while the other jnst passes through the c 
The air from the bellows passes easily through the mercury or wati 
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wliidi the end of one tube dips; bnt any attempt to retnrn stopl)" 
raises the mercury in tlie tube. If water be used, Ihe tube must be 
longer, go that it may contain a column of water sufficiently high to 
afford the necessary resistance to the return of tlie air. This sort of 
valve is termed Miiller's valve. (Fig. 5, V.) 

ArtificialRespjration in the Frog.— Although the frog can live 
perfectly well for some time without breathing, it maybe desirable in some 
experiments to employ artificial respiration. A cannula for this purpose 
is best made by beating the ead of a glass tube about one-eighth of an 
inch in diameter (more or less, according to the size of the fri^), and 
then suddenly pressing it down on a metal plate, so that a broad rim is 
formed round the end. The sides of the larynx are seized by two artery 
forceps, the cannula introduced, and tied firmly in. A Richardson's 
spray.producer, fi-om which the tubes have been removed, is then con- 
nected to it and used as a bellows. 

Introduction op Gases or Vapours into the Lungs, — Gases 
or vapours ma; be introduced into the lungs ^ther by simple inhalation 
or by artificial respiration. For the Inhalation of a gas, a conical bag of 
oilskin, India-rubber, or bladder, must be made to fit the snout of the 
animal, and connected with a bog, bladder, or gas-holder containing 
Ihe gas. Or a tube may be put ioto the trachea and coimected with the 
gas-holder. 

For the inhalation of a vapour, a cone of strong paper or cardboard 
may be used, the wide end being put over the mozzle, and the liquid, 
the vapour of which is to be inhaled, dropped on a piece ofblotting-paper 
and put on the small end. Or the whole cone may be made of blot- 
ting-paper. 

Maoy different kinds of apparalus have been used for the artificial 
respiiation of gases, among which may be mentioned the ingenious in- 
strument of Thiry(25) and the beautiful respiration-pump of Ludwig. 
The simplest method probably is to have the gas in a bag, connected by 
means of the bottle or Miiller's valve with the tracheal cannula. The 
gas may then be forced into the lung at intervals, by alternately com- 
pressing and relaxing Ihe bag. 

Air may be loaded with vapour of any kind of fluid before it is sent 
intothelungs, by either mixing the fluid with the water in the bottle-valve, 
orby emptying out the water and puttinga little of the fluid alone on the 
bottom of the bottle. Pure air or air loaded with vapour may be sent 
into the lungs alternately by the arrangement shown in fig. 5. A 
stream of air is sent from the bellows through the India-rubber tube 5, 



and divided into two by the T-tube t'. When the clip x is remored, 
and x' put on, the air passes straiglit through to the tracheal cannula z, 
If X be now put on, and x' removed, the air passes through V, and be- 
comes loaded with the vapour of any fluid placed in the bottle. 

The alternation may be elTected still more rapidly and conteniently 
by a stopcock which 1 have had made for this purpose^ Two tubes, C 
atid c', pass from its sides, and two others, n and ti', from its bottom. 
The interior is perforated with three holes. Two of these, E and e', are 
L-shaped, and one (F) passes straight through from side to side. When 
the handle B is in a line witli c and c', their lumen corresponds 
with that of the hole F, and air passes straight through. When 
B is transverse, the hole E corresponds with c and l>, and e' with c or 
d', so that air passing in throngh c' passes down through □', and may 
pass up through D and out at c. When B is neither in a line with c 
nor yet transverse, but half-way between, the holes in the interior do 
not correspond with those on the exterior of the stopcock, and no air 
can pass at all, and it may thus be used for experiments on asphyxia. 
When such experiments are made, the hole in the tracheal cannula 
must be carefully slopped with white wax. By means of the screw c 
the stopcock may be fastened to the rod K of the rabbit-hold in fig. I. 
The tubes D and d' may either be attached by pieces of India-rabber 
tubing to tubes of a bottle such as v, or they may be themselves passed 
through the cork and a small piece of glass -tubing long enough to reach 
the bottom of the bottle attached to n'. By then simply turning the 
stopcock, pure air may he passed direct to the lungs through c', F, and 
c, or it may be loaded with vapour by passing it through D' into the 
battle, and then up through u and c to the lungs. 



Ariifitial Circulation e/ Blood. — Circulation of Warm and of Cold 
Blood.— Fraer.—Mede of Conducting Artificial Circulatiaa.—AppU- 
caliim af (hit JHeihed to Pharmacological Irnialigations. — Scktma of 
the CirculaUofh — Circulation in tht lining Body. — Importance of the 
Arterial Etasfieity.— -Arterial Tension or Blood- Preiiure. — Oscilla- 
tiani in it produced by the Heart and Respiration.— Causa of Varia- 
titn in the Blood-Pressuri. — Influence of Nerves upon il. — Cardiac 

Gat^ia. — Inhibitory Nenits of Heart, — Quickening Nerves ofSearl. 

Vasa-metor Nervu. — Vaso-inhibiioty Ncrves.—Actian of Counter- 
irritants,— Tabular View of the Comes of altered Pulse-Rate and 
Bloed-Prasurt, — Application of this to Pathology. — Experimental Ex- 
amination of Blood-Pressure,— Forms of Manometer.— Kymogra- 
phion. — Mode of Using the Kymographion. — Reduction af the Kymo. 
graphion Tracings. — Mode of Recording Experiments. — Graphic 
Method of Representing Experiments. 

Artificiai, Circulation of Blood.— A constant anpply of arterial 
blood lo all parts of the body is necessary to preserve tbeir yitality ; 
and if ibe supply to my puct be cut oiT by stopping its circulation, that 
part will die. Thus, if the circulation be slopped in an arm or leg by 
tying its arteries, or through their becoming plugged by emboli, morti- 
fication, or death of the part, ensues ; and if the heart cease to beat, and 
the circula.tion be thos stopped in all parts of the body, they all die. 
But, if we supply arterial blood artificially to any one part. We may 
keep it alive at least for a certain time after the rest of the animal is 
dead; and the muscles may be made to contract,(3o) the lupgs to excrete 
carbouic add,(30) the lymphatics to pour forth Iymph,(3i] and the 
excised liver to secrete bite,(3z) for hours after the rest of the animal 
has been consigned to the dust-bin. 

CiECiTLATioN OF Wahu AND CoLD Blood.— For this purpose, 
blood may be used either at the temperature of the room or of the 
body ; but these have not exactly the same effect, and experiments 
made with blood at one temperature must not be compared indiscrimi- 
nately with those made with blood at another. Professor Ludwig, ti 
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whom we owe this method, has discovered by its tneins the curious 
fact Ihat the muscles o( i. wa.rm-blooded animal raiy be artiliciBlIf en- 
dowed with the properties of those of a cold-blooded, one. (33I Those of a 
frog or other coM-blooded animal retain Iheir irritability, and contract, 
when stimulated, for a long time after they have been removed from 
the body ; while those of warm-blooded animals quickly lose tlieirs, 
and will no longer contract on the application of a stimulns, no matter 
how powerful it may be. But if the muscle of the warm-blooded 
animal be quickly cooled by passing a stream of ca/ii blood through its 
vessels immediately after it has been excised from the body, and before 
it is stimulated, it will retain its irritability for a long lime, and respond 
to stimuli applied again and again, like that of the cold-blooded frog. 

Fevek. — In the same way, by supplying the heart of a mammal 
with cold blood, it may be made to resemble that of a frog or turtle ;(j3) 
while, on the other hand, if the heart of a frog be supplied with warm 
blood, it will become like that of a mammal ; and, if the temperature be 
still fnither raised, the quick aod weak beats of fever are proiiuced.(34) 

MoriE OF Conducting Artificial Circulation.— When we 
wish to pass blood, at the ordinary temperature of the room in whict 
we are working, through any oi^an, we defibrinate the blood of tie 
animal itself from which the organ has been obtained, or the blood of 
an animal of the same species ; dilute it somewhat with salt solution of 
I per cent. ;( 35 ) and put it into a flask with two necks, one of which is near 
the bottom of the flask, as seen at A, Fig. 6. We then iulroduce a 
cannula into the principal artery of the organ, and ligature, if neces- 
sary, the smaller arteries and branches ; fill it carefully with blood by 
means of a fine pipette, so that no air -bubble remains in it, and connect 
it with the lower neck of the flask. By then simply raising the flask, 
the blood flows out of it tlirough the cannula into the vessels, and out 
again by the veins, from which it may be collecled, shaken with air, 
and used over again. As the iips of the divided veins are sometimes 
apt to fall logelher and hinder the exit of blood, it is advisable to put a 
cannula into them as well ; and great care must be paid to the 
adjustment of these, in order that they may be fairly in a line with the 
Inmen of the vein, and not form an angle with it, which would present 
an obstruction to the flow of blood from iL 

For the purpose of passing a stream of blood at the temperature of 
the body, we use the same apparatus ; but the flask containing blood 
(e, Fig. 6) Is then placed in a water-bath, kept constantly heated to 
98 deg. F. As this prevenls us from conveniently raising the fla&k 



Wgh cihweIi lo obtain ihe pressure required to carry on the circuktion, 
we supply the want by compreasing the air in the upper half of the 
Husk, E, by means of two other bottles, A and c, containing mercury 
□r water. On raising A, the Huid whicb it contains runs into c, and 
compresses the air in its upper half; and, as this communicitea with 
E by an India-mbbef tube, the pressure is freely transmitted to it, 
and exerted on the surface of the blood which it contains. 




. m the middle of whic 



tfaniueh X, and eoca to the rucT Th apparatus is via by d ppuig t 
Kur« deHTcd, and then pi]:ihi g A via hpo last edfay 

flame woulZgo out. were Z not tEst i vay tmotl hole in the sulc of :( admiii 

lure, ihe air and mercury expaiid, th« end of X ia a^n closed, aad ngain the 
flume bcconitf?^ aciiBll- By this app^u^tun. a water-bath may be kept for very 
Ipng time without vatving more than halfa dc^res. 

Application of this Method to Pharmacolooicai, Ihvesti- 
—Besides its use in the experiments of I.udwig and his pupils 



on the secretion of bile i 
been used by Cyon to shoi 
as I know, no experimen 
made by its mean^ It i 
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nd the formation of lymph, thia method has 
that urea is formed in the liver ;(36) but, so far 
s on the action of medicines have yet been 
lay seem, then, a strange thing that I should 



mention, in a course of experimental pharmacology, a mode of research 
which as yet has only been tried in physiology ; bat the good service it 
has already done the physiologist, and the splendid promise it gives to 
us, are, I ihinlc, a suSicient excuse. For we can thus lake two similar 
organs, or two parts of the same organ, and snpply them with the 
same blood, at the same temperature and the same pressure — in short, 
we may put them under exactly the same external conditions ; but to the 
blood supplyinj; the one we may add any drug whose action on the organ 
we wish to test We can analyse the blood flowing into, and that Bowing 
from, the substance of the organs before and after the experiment, the 
iymph produced, or the secretion poured forth ; and by comparing the 
results when the drug was added with those obtained when it was 
withheld, we may, I think, gain such a knowledge of its action as 
could be got in no other way. 

Schema of the CiiicirLAtiON.— In the living body, a constant 
stream of blood is kept np in the vessels, in exactly the same way that 
3 constant current of air is produced in Richardson's spray^apparatos. 
By removing the glass or metal tube from one of these, and attaching 
a nozzle with a small stopcock to the India-rubber tube in its stead, we 
obtain a very good schema of the circulation ; and, by imitating on it 
the changes which occur in the heart and vessels, we may form a 
much dearer idea of them than we could otherwise do. The India- 
rubber ball will represent the heart; the elastic bag, surrounded by 
netting, will represent the elastic aorta and larger arteries ; and the 
stopcock, which regulates the size of the aperture through which the 
air escapes, will represent the small arteries and capillaries, whose con- 
traction or dilatation regulates the flow of blood from the arteries into 
the veins. If we turn the stopcock so as to present some resistance to 
the escape of air, and then compress the India-rubber ball, very little 
air will issue from the stopcock even while we are squeezing the ball ; 
the greater part of it goes to distend the bag ; and, when we cease to 
compress the halt, no air at all comes out from the stopcock. At the 
next squeeze, the bag becomes a little more distended ; and a little air 
issues from the stopcock, not only while we ate compressing the ball, 

elastic bag becomes tighter, till it is SO tense, and contracts so strongly 
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on the air inside, that it can press all the extra amount of air romd 
into it when the ball was compressed, out through tiie stopcaclt, during 
the lime when the ball is relaned. When this is the case, every time 
we squeeze the ball we see the bag become a liitle fuller, and air issue 
more quickly from the nozzle. At each relaxation, while the ball is re- 
filling, the bag gets a Uttle slacker, and the air passes out of the nozzle 
a Utile more slowly, but never stops entirely. During the time the ball 
ii filling, ihe valves between it and the bag and nozzle are closed, and 
cut it off from any connexion with them. All this lime, then, the 
stream of air from the nozzle must be entirely independent of the ballj 
it is prodnced by the contraction of the elastic bag, and by it alone. 
The bag may be stretched, and the tension of its walls increased in 
consequence, in two ways : lirst, by working the ball more quickly ; 
necond, by lessening the opening of the nozzle, and thus hindering the 
passage of air through it. One trial will, I think, be enough to show 
you how much easier it is to alter the pressure by changing the size of 
the nozzle than by any alteration in the working of the ball, and thus 
convince you that alterations in blood-pressure probably depend much 
more on alterations in the lumen of the small arteries than on changes 
in the action of the heart. 

But our schema, as it at present exists, is not a perfect representa- 
tion of the heart and vessels ; for it draws its air from an inexhaustible 
reservoir, the atmosphere, and is not obliged each time to use that 
amount alone which it had previously driven through the noule ; while 
the heart can only use the blood which has been forced by it through 
the capillaries and returned to it by the veins. In order to make our 
schema complete, we must connect its two ends by tying them into a 
bladder or large thin caoutchouc bag (such as is used, after inflation, as 
a toy for cluldren), so that the air shall pass into it from the nozzle 
and be sucked out of it by the elastic balL This will represent the 
veins. If we then repeat the experiment just described, we shall find 
that, when we begin to work the ball and stretch the elastic Itag repre- 
senting the arteries, the bladder, representing the veins, becomes 
empty and collapsed ; and just in proportion as we fill the bag do we 
empty the bladder. If we now stop, the air will gradually escape from 
the bag to the bladder, till both are equally filled as they were at first. 

Circulation in the LivtNO Body.— The phenomena of the cir- 
culation in the heart and vessels are very much the same as in the 
spray -producer. When the heart stands still (as when the vagus is 
strongly galvanised), the blood flows from the arteries into the veins 
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llll Ihey are nearly full and the presaare inside both is about the samt (37) 
If the heart now begin to beat, it forces blood into the elastic aorta 
and arteries at each systole, and distends them, jnst like the elastic bag 
of the spray-producer ; while at the same time it takes blood from the 
veins, and they become empty in proportion aa the arteries become 
full. At every di^tole, the elasticity of the distended aorta causes it 
to contract on the blood it contains, and keeps it flowing on through 
the capillaries till another systole occurs. During the diastole^ the 
heart is completely shut off from the aorta by the sigmoid valves (just 
03 the ball of the schema was shut off from the clastic bag], and the 
blood is kept Sowing during this time by the elastic contraction of the 
aorta and lai^e arteries. In general, the diastole is longer than the 
systole ; so that for the greater part the circulation is carried on by the 
elasticity of the arteries, and nol directly by the heart. The arteries 
become distended by the heart, just as the elastic bag was by the ball, 
and press more and more on the blood in them (so that it would spout 
higher and higher, if one of them were cut), till they are able during 
the dia'itole to press the same amount of blood through the capillaries 
into the veins as had been pumped into them daring the systole. The 
more these are stretched, the greater is the pressure they exert on the 
blood they contain ; and the amount of this is termed the arlerial ten- 

use one or other jnst as the fancy strikes us. At each systole, the fresh 
supply of blood pumped in by the heart stretches them more ; that is, 
the arterial tension rises. During each diastole, the blood escapes into 
the wide and dilatable veins, and the arteries become relaxed ; that is, 
the arterial tension falls. 

Besides the oscillations which take place in the blood-pressure at 
each beat of the lieart, a rise and fall in the form of a long wave occurs 
at each respiration. The wave begins to rise just after inspiration has 
begun, reaches its maximum just after the beginning of expiration, and 
then begins to fall again till a new wave succeeds 11.(38) The heart-beats 
are generally quicker during inspiration, and slower daring expiration. 

The blood- pressure thus oscillates up and down at each heart-beat 
and rises and falls with each respiration, and the average between the 
highest and lowest points is called the mean arterial tension or mean 
b lood-pressnre. 

Causes of Variation in the Blood-Pressure, — The pressure 
of blood in the arteries depends on two circumstances : lirst, the 
amount of blood pumped iuCo them in a given lime; and second, on 
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It of them into the vt 
more be pumped in, or if less flow out, it will rise ; if less be pumped 
in, or if more flow out, it will fall. It may, therefore, be raised — i. 
By the heart beating more quickly; s. By a larger amount of blood 
being sent into the aorta at each beat ; 3. By cootraction of the small 
vessels. It may be lowered — I. By the heart beating more slowly ; 3. 
By the heart sending out less blood at each beat ; 3. By dilatation of the 
small vessels, allowing Ibe blood to flow more quickly into the vdns j 
4. By contraclion of the pulmouaiy vessels, or obstruction to the 
passage of blood through them. 

The influence on the pressure exerted by the amount of blood sent 
out by the heart at each beat, and by the number of beats, to a certain 
extent, though by no means completely, counteract each other ; for, 
when the heart is going quickly, it has not lime to fill completely, 
and so sends out little blood at each beat; but, when going slowly, 
it becomes quite full during each diastole, and sends out a larger 
quantity of blood at each contraction. 

It must be remembered that we measure the blood-pressure in the 
systemic arteries ; and, before the blood can get into them from the 
vdns, it must come through the pnlmonary vessels. Any contractioa 
of the lumen of these vessels, by lessening the entrance of blood into 
the systemic arteries, will cause the pressure in them to fall. 

Influence of Nerves on Blood-Phessure. — Both the quick- 
ness of the heart's heat and the contraction of the arteries are regulated 
by the nervous system ; and it is generally by acting on different parts 
of it that drugs alter the blood -pressure, though they may also do so by 
acting on the muscular walls of the heart and arteries themselves. The 
parts of the nervous system chiefly concerned in regulating the circula- 

I. Tiie cardiac ganglia which lie in the walls of the heart, and are, in 
all probability, the cause of its rhythmical action. 

II. Inhibilory nerves, which render the heart's action slow, and, if irri- 
tated very strongly, may stop its beating altogether, and produce stiU-stand 
in diastale. The inhibitory fibres have their origin or rools in the 
medulla, and proceed in the vagi to the heart. In man and in dogs, 
they are normally in constant action; and, after they are cut or 
paralysed, the heart beats in the dog three or four times as quickly, and 
in man twice as quickly, as before. In rabbits and cats, they act less, and 
their division only makes the heart go one-half or one-fourth f3stcr.(39) 
A drug may irritate them, and render the heart's action ilow — 
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1. By acliug direclly on (a) [heir roots in the mcdulk, (f) Aeit' 
fibres, (f) their ends in the heart ; 

2. Indirectly, through tta action on other parts, producing (o) in- 
creased blood -pressure, or (h) accnmulation of carbonic add in the 
blood, both of which act as irritants to the vagus-roots ;(+o) 

3. Refleily, through irritation of sensory nerve3,(4I ) irritation ofthe in- 
lestiDes,(4Jl of the sympathetic nerve, (43) of the depressor, (44) or of the 
vagus of lie other side.(45} Keflex irritalioo is only likely to be caused 
by drugs having a paweiful local action. 

Druesmayalsoparalysetheinhibitory fibres, and thus quieten theheart. 
IIL Qukietiing NerLss. These belong lo the sympathetic system. 
They have their origin in the brain or medulla, pass down through the 
cervical part of the spinal cord to the last cervical and first dorsal 
ganglion (which are often united), and thence through the third branch 
of the ganglion to the heart(46) Quickening fibres are said by some lo 
run also in the cervical part of the sympathetic cord. (47) Unlike the 
vagus, the quickening nerves are not normally in constant action.(4S) 
They may be irritated— 

1 . By the direct action of drugs upon them. 

3, Indirectly by the drugs producing a diminished blood-pressure, 
which acts as a stimulus to them. (49) 

IV. Vaso-molin- A'eriies, which cause the smaller arteries, and pro- 
bably also the capillaries, to contract. These belong to the sympa- 
thetic system ; and the most important of them are the splanehuics, 
which produce contraction of the intestinal vessels. As these vessels 
can, under certain circumstances, hold all the blood in the body, the 
influence of the splanehuics over the blood- pressure is very great 1(50) and 
division of these can lower it, or stimulation of them increase it Very 
much. The centre of the whole vaso-motor system, however, seems lo 
be in the medulla oblongata; (51) and it is generally in constant action, 
keeping up a certain amount of contraction or tone in these vessels. 
Its activity may be increased, and the vessels made to contract — 
I, By direct irritation of the centre. 

z. By refleit irritation through (a) the cervical 3ympalhetic(52), (b) the 
vagus, when the brain is intact, and the animal not narcotiaed(53), (c) 
sensory nerves. (54) When the medulla is separated from the rest of the 
body by dividing the spinal cord at the atlas, it can, uf course, no 
longer enert any influence over the vessels ; and they consequently 
become dilated throughout the whole body, and the blood- pressure 
sinks very low. If the lower end of the divided cord be then irritated. 
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flieTasoraotornerveswhidi pass through it rrom the mrfnlla to the 
body are stimulated, and the blood -pressure rises. 

V. Vaio-inhibilory nerTits. Irritation of these nerves is condncted to 
the vaso-motor centres, sjid acts on them in such a way as to cause a 
reSex dllatatioD of the small vessels, either ( I ] throughout the whole 
body, 01 (2) in one particular [lart of it. 

1. The chief nerve which causes dilatation throughout the whole 
body is one which runs from the heart to the medulla, and is called, 
from its power of diminishing blood-pressure, the depressor nerve. (55) 

' Its fibres seem to be included in the vagus in the dog; but in the rabbit 
it generally nms separate from the heart to the level of the thyroid car- 
tilage ; here it divides into two so-called roots, one root going to the 
superior laryngeal, and the other to the vagus nerve. These are 
generally called roots, though, as the nerve conveys impressions from 
the heart lii the brain, they are, physiologically, really branches. There 
seem to he also depressor fibres in the vagus itself ;(56) but this nerve con- 
tains fibres of many kinds, and, among others, some which cause con- 
traction of the vessels and rise of blood- pressure —hence called pressor- 
fihref.(S7) The former seem to act on the vaso-motor system throngh the 
medulla itself, while the latter affect it through a centre in the brain, 
so that, when the brain is perfect, irritation of the central end of the 
vagus causes increased contraction of the vessels and raised blood- 
pressure; but, when the brain is removed or ils functions abolished 
by opium, it causes dilatation of vessels and diminished pressure. (5S) 

2. When a sensory nerve is irritated, the action of the vaso-motor 
centre is suspended in the part supplied by the nerve, and in those 
which immediately adjoin it, so that their vessels become dilated, while 
at the same lime contraction of the vessels in other parts of the body 
is produced. The blood-pressure is thus increased generally, and pro- 
duces in the locally dilated vessels a very rapid stream of blood. This 
fact was first discovered, and its importance in Iheiapeutics indicated, 
by Ludwig and Lovcn.(59) 

Action of Counter ihritants. — The application of an irritant, 
whether mechanical, chemical, or thermal, injures the tissues of the 
part to which it is applied ; and what better means of removing the in- 
jury and restoring health could be imagined than a copious supply of 
blood, and the removal of every hindrance to its free flow which con- 
traction of the vessels might present ? 

Experiments are still wanting to decide how far the vascular dilata- 
tion will extend in the neighbourhood of the irrilated part when more 
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or less powerful irritants are applied, or which the vessels are (if any) 
which especially contract, when certain others dilate ; so that at present, 
when we apply a mustard plaster to the chest to relieve bronchitis, we 
are unable to say with certainty whether the relief is due to a more 
full flow of blood through the vessels of the bronchi, or to contrac- 
tion of their lumen diminishing congestion, or (though this is unlikely) 
to some unknown action independent of the vessels altogether. The 
experiments of Sinitzin, however (detailed by a recent writer in the 
British Medical Journal, 187 i, p. 535), which show that ulcers of 
the cornea, eyelids, and lips, occurring after division of the fifth nerve, 
rapidly heal when dilatation of the vessels of these parts is produced 
by extirpation of the superior cervical ganglion, render it in the highest 
degree probable that it is to the increased flow of blood that healing is 
due. (60) As a general rule, too, the vascular dilatation seems to extend 
more widely the stronger the irritant applied ; and we may thus see how 
a strong irritant, or one applied over a large extent of surface, may 
prove beneficial in a deep-seated inflammation when a weak one or one 
applied to a small surface has no eflect. 

For convenience of reference, I have put together the causes of alter- 
ation in the blood-pressure in. the following table. 
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Application to Pathology,— The brief sketch of the drenlation 
whicli I have given, will enable you to nnderstand and appreciate the 
meaning of the changes produced in our circulation by any drug, and 
to explain the facts we may meet with in the course of an investigation. 
I may lemind you that the alterations in the pulse-rate and blood-pres- 
sure which we meet with in disease, as well as those produced by drugs, 
are due to some one or other of the causes mentioned in the previous 
table ; and whenever you meet with a quick, slow, weak, or irregular 
pulse, you must try to find out to which of these causes it is due, in 
order that you may be able to apply scientifically the proper remedy. 

EXPERIMUNTAL EXAMINATION OF BLOOD-PRESBUKE ! FORMS OF 

Manometer. — As the life and health of the body and of the organs 
comprising it depend on the snpply of blood to them— and this, as we 
have already seen, is closely associated with the arlerial pressure — the 
obaervation of |he effects of drugs on it naturally forms one of the 
most important parts of an Investigation into their action. The first to 
measure the blood -pressure was Hales, who simply connected a glasa- 
tube with an artery, and noted the height to which the blood rose in it. 
FoiseuUle improved upon this method by substituting a bent tube, par- 
tially filled with mercury, for the straight tube, and estimating the pres- 
sure from the difference in the level of the mercury in the two limbs. 
A solution of carbonate or bicarbonate of soda was introduced into the 
tube between the mercury and the blood in order to prevent its coagu- 
lation. The bent tube, partly filled with mercury, is called a hsmady- 
namometer, or, more generally, a manometer. The height of the mer- 
cury is read off from a scale fixed behind the lube. Usually both limbs 
of the tube are of equal diameter, and the blood -pressure is then ascer- 
tained by doubling the height of the mercury in one limb above zero 
and subtracting a fraction, which varies with the specific gravity of the 
solution of soda used. The height must be doubled, because the mer- 
cury descends as much below zero in the one limb as it rises above it 
in the other ; and a fraction of the whole is subtracted for the additional 
weight of the colamn of soda solution, which enters one limb as the 
mercury rises in the other. 

A very simple manometer, which will show the mean blood-pressore 
as well as the maximum and minimum between which it oscillates, may 
be made by passing two straight glass-tubes about sixteen inches long 
through the cork or India-rubber stopper of a small wide-mouthed bottle, 
and fixing behind them a graduated cardboard scale. The lower end 
of one tube must be nearly closed in the blow-pipe flame, and both 



pnBhed down till thej almosf touch the bottom of the bottle. A third 
bent tube is inserted into the stopper, reaching only to its under sur- 
face, and a piece of India-rnbber tubing is attactied to its upper end for 
the purpose of connecting it with the artery. Some mercury is then 
poured into the bottle, so as to stand a liltlc above the ends of the 
tubes, and both it and the India-rubber tube are tilled with a saturated 
solution of bicarbonate of soda and connected with the artery. The 
mercury rises and falls in the open tube with every pulsation ; but in the 
one with the constricted end the resistance to its movement is so great 
that it can only rise and fail slowly, so that, before its upward oscilla- 
tion has had lime to show itself, its descent has begun, and vice veriii. 
Tbe upward and downward oscillations thus balancing each other, the 
mean pressure only is shown. 

The oscillations in the unconstricted tube are so rapid that it is im- 
possible for the eye to follow them exactly ; and this difficulty led Lnd- 
wig to conceive the idea of making them register themselves by means 
of a slender rod swimming on the surface of the mercury, and bearing 
at its upper end a pen which moved up and down on a piece of paper 
fixed on a revolving cylinder. The vertical height of the tracing thus 
produced showed the blood-pressure, while the horizontal distance from 
one point to another on it indicated the time between them. 

This instrument is called a kymc^raphion ; and in devising it, Lndwig 
introduced for the Rrst time into physiology that method of self-reps- 
tration which is now generally applied to all kinds of vital pheno- 
mena, and has already done much Co render our knowledge exact. 
That form of it which is used by Traui>e and made by Sauerwald of 
Serlin is shown in jig. 7. It consists of a metal cylinder {p) supported 
on a wooden frame {J), and caused to revolve at a steady rale by clock- 
work and pendulum (/ and u). The manometer is Rxed to the wooden 
frame and connected with the artery by tubing of lead and India- 
rubber, Oq the mercury in one limb floats a rod or swimmer of glass, 
to whose upper end is attached a glass pen {g), which registers the 
movements of the mercury on the revolving cylinder. 

The disadvantage of the mercurial manometer is, that it does not 
give the true form or extent of the variations of blood- pressure, the 
inertia of the mercury causing it to oscillate above and below the true 
value. We may, however, obtain the true form of each oscillation along 
with the mean pressure by connecting the artery at the same lime with 
the manometer and one of Marey's sphygmoscopes and levers (fig. 6, 
X ajviy) by means of a Y-tube, one end of which is connected to i/and 
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the zero line thus drawn, r is one of Marcy's tymjrana, which is supported on 
a tnovablo tod x, and may he used for reaiqierirg either the respiration or the 
Ibnn of the pulse-wave. It consists of a shallow cup of metal, over whose tip 

terior of the cup, and a lirtt (ever lits over the upper surface of the India- 
rubber, and is fiiml^ connected with it. When air is blown into the interior 
of the cup, the India-rubber bulges and raises the lever: when air is sucked 
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the other to tu. In order to obtain the mean pressure we tnm the stop- 
cock {/), til! on blowing through it only a slow rise and fall of the mer- 
cury can be produced, but no Budden oscillation. On then connecting 
it with the artery the mercurial column shows the mean pressure, while 
the sph^moscopic lever registers each oscillation 

Besides this form there are various others on the same principle, Some 
of which have cylinders which wind off a continuous roll of paper from 
a bobbin, so that a tracing may be taten uninterruptedly for an hour 
or two without renewing the paper. In order to avoid the inconve- 
niences of the mercurial manameter, Ficlt lias constructed one (Fig. 8) 
in which the pressure is not measured by the movements of a column 
of mercury, but by those of a bent hollow tube (a) fixed at one end and 
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free at the oflier. The tube is filled with alcoho!, and its fixed end 
connected with an artery. At every rise of pressure this tube tends 
to stnighten itself, and this motion of the free end is commuoicated 
by it to a lever (F) and writing-point (gJ, which records it on a smoked 
cylinder. 

The advantage of this Torm of kymographimi is, that it gives the 
exact form, duration, and extent, of each pressure -variation. Its dis- 
advantage is, that the tracings it gives are on a small scale, so that it 
is not so vrell adapted for showing small oscillations of pressure like 
those at each heart-beat in the rabbit, although it answers admirably 
for dogs. Another disadvantage is, that the tracing must be taken 
on smoked paper, and this is more tronblesome to manage than white 
paper and ink. 

Mode of usinu the Kvmogra.pmion. — The kymograpbion ran« 
firet be rendered perfectly level by the screws, K K (fig. 7). The upper 
part of the outer tube of a and the tube c, the India-rubber tube connect- 
ing it with s, and b itself, are then filled with soda solution and the clip 
ai.e put on. A fresh sheet of paper is put on/, the pen (f) filled with ink, 
and the pencil {n) adjusted at the same level. A piece of cotton-thread 
should \x dravni through the pen, so that the end projects just beyond 
the pen's point ; this makes the pen write better. The animal is nent 
fixed, a vein exposed for injecting, the cannula [a) introduced into an. 
artery in the way already described, the blood being prevented from 
entering the cannula by a clip placed on tlic artery. A drop of carbonate 
of soda solution is placed in the cannula [a), the tube (b) fitted into it 
and tied to it by a thread through the ears, b and c. Two other threads 
through e and e fasten the tube (b) to the skin or hair of the animal. The 
flask (/) is raised several feet above the apparatus, and the clip at t 
opened, so as to make the pressure in the manometer and tubes neady 
equal to that of the blood in the vessels so as to prevent the blood from 
lilhng tbe tubes. It must not be greater, or the carbonate of soda will 
pass into the vessels and produce convulsions. The clip at f is then 
replaced and that on the artery removed, the cylinder set in motion, and 
a tracing of the normal blood-pressure taken. 

The drug in solution is now injected into a vein and a fresh tracing 
taken. At the time the injection is begun a cross should be made on 
the tracing opposite the pen of the kymographion, and a o should be 
made when the injection is finished. The time at which these were 
made should be noted on a separate piece of paper, and afterwards 
copied on to the tracing itself. Instead of putting each time on a 
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freib piece of paper, two or three may often be liken on one paper hf 

bavisg Iwo or tluee exactly similar glius pens of the fotm shown &lled 
with inks of diSerent colours. Each is stuck ihroagh a small (uece of 
cork, 3Dd iaio the ander side of the cork a small glass tube is put, 
which will just fit the top of the swimmer. By simply dropjang the 
glas tube oa the end ot the swimmer the pea is in its place at onc^ 
gnH can be changeij with great facility. A small sable brt^ may 
aJso be SDbstiluled for the glass pen. 

After the experiment has gone on for some little time, a dot is spt 
to form in the cannula. When this is the case the dip mnsl be re. 
placed on the artery, the stopcock (li) turned transversely, so as to keep 
the merciuy at the same height, the clip on the India-mbber tube of 
d B and at i! A removed, and the tube wsished out by a stream of car- 
boDate of soda. Any clot in the cannula is removed by a spill of twisted 
paper, by a hog's bristle, or by a piece of whalebone. The whalebone- 
probes are most convenient, as they can be made of any size. A single 
jet of blood should now be allowed to escape from the artery, so 
as to make sure that there is no clot in it, the tube again washed 
out wilh carbonate of soda, the clips at ; d and ^ A replaced, that on 
the artery removed, and the stopcock turned and tracings taken as 

Reduction op the Kymograprion Tracings. — It is not only 
impossible to publish the tracings as they are taken from the kymo- 
graphion for the benetit of others, but it is extremely difficult to draw 
any except very general conclusions from them far one's self. Before 
they can be of much use they must be reduced to tables, or, what is 
still better, the tables themselves may be graphically represented. In 
making the tables we must first fix the time at which the different parts 
of the tracing were made. The lime when the tracing was begun and 
when the injection was made must be noted down at the time in a 
separate note-book, or, stjl! belter, on the tracing itself. In the hrst 
tracing it is convenient to take the time when the injection was made, 
as a starting-point from which to reckon the other peiiods. 

Spinning at this point, then, we divide the absdasa or zero line into 
parts corresponding to five seconds each, or any other period we think 
convenient If the circumference of the cylinder be sixty millimitra, 
and it revolve once in a minute, each five millim^ra of paper will cor- 
respond lo five seconds' revolution. 

Secondly, we must ascertain the blood-pressitre at diETerent times. 
At the point where the injection took place, we draw &om the 
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tracing a pel3)endicular to the B,bscUsa, and anotlier, five, ten, or 
fifteen seconds further back. The mean pressure is most readilji and 
exactly got by means of a planimetei; but, as this is an expensive instru- 
ment and possessed by few, weusuallj' employ ruder methods. The flist 
is to detepnine the square superficies of the irregular figure contained by 
the abscisse, the two perpendiculars, and the curve, and then divide it 
by the length of the abscissa : this gives the mean height of the pres- 
Bure-curve. The size of the figure is ascertained by placing over it a 
piece of tracing-paper or glass ruled in square millimilres, and countii^ 
the number of squares contained in it. Volkraann cuts the figure exactly 
out in paper of uniform texture and weighs it. By then comparing its 
weight with that of a square of given size, the superficies of the figure 
is easily ascertained. The second method is Still simpler, and, though 
not so exact, takes much less time, and is, therefore, frequently em- 
ployed. It consists in drawing a straight line from one perpendicular 
to the other along the curve, so as to cut the pulse- and respiration- 
waves as nearly as possible in their middle, and leave as much of their 
surface above as belaw it. We then measure the height of this line 
above the abscissa, double it, and subtract Irom it the fraction of the 
whole, wbich represents the column of carbonate or bicarbonate of 
soda solution which entered one limb of the manometer and pressed 
on the mercury in it as the mercury rose in the other limb. For a 
solution of carbonate of specific gravity 1018, this fraction will be 
about ^ of the whole. 

Passing along the curve taken after the drug has been injected, we 
note the place where any change in pressure has occurred, and here we 
draw another perpendicular and proceed as before. Thirdly, we obtain 
the number of pulsations and respirations in a minute by counting the 
pulse- and respiration-vraves between each two perpendiculars, and 
reckoning from the time between them what the rate of pulse or respir- 
ation wilt be in a minute. As the rate of both may change several 
times in a minute, and a calculation of this sort would lead to consider- 
able error, we not unftequently take liiteen seconds as the nnit of time 
instead of a minute. 

The way in which the numbers thus obtained may be tabulated, is 
shovni by the following examples of supposititious experiments. These 
examples have been made by piecing together several experiments of 
Von Beiold, and show generally the action of atropine, but must not be 
t^arded as accurate descriptions of any one experiment. Even when 
i roll of paper is employed, instead of several separate 



pieces, it it oflen convenient to divide it by lines, ood tabulate each part 
BepRrately, just as when separate pieces of piper are used. 

Mode of Recording Experiments. 

Experiment I, November 5, 18 . 

Young rabbit Weight 1540 grammes. Jngidai vein exposed and 

one cubic cenHmUre of tincture of opium, containing two grammes in 

twenty-five cnbicc«iAV«e^ii, iojecledintoit. Cannula in the left carotid. 

Animal otherwise uninjured. 
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ExferimtHl 11, Novemhir 9, 18 . 

Old rabbit. Weighty 1764 ^aw(»(«. Jugular vein e;(posed. Animal 

not oarcotiEed. Cannula in the left carotid. Animal otherwise unin- 
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Graphic Method of Representing Experiments. — In looking 
over a column of Rgures such as the tables we have now obtained, it 
is by DO means easy to see at once what it really indicates ; and it is 
still more difficult when we have to compare several fables together. 
For this reason it is of great advantage to convert the tables into 
curves, from which the result of any experiment can be learned at a 
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glance, and Ihe points of resemblance, or diflerence in the results of a 
whole series compared with the greatest ease. 

To obtain these graphic curves, we reverse tlie process by which we 
fonncd our tables. We first take a. piece of paper ruled in squares, 
and on it we draw a horizontal line oi abscissa, and then s pcrpendicu- 
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lar lo one or both ends, and number the spaces along both the abscissa 
and the perpendicular or ordinate. Those along the abscissa represent 
periods of time to which we may assign any value which is comrenient, 
seconds, minutes, hours, or multiples of these. The numbers along 
the ordinate may represent blood'pressure, pulse-rate, number of respir- 
ations, or degrees of temperature ; and we may describe curves repre- 
senting all of those on the same paper, distinguishing them from one 
aimther by the use of different coloured inks. Fig. g represents gra- 
phically the tables of blood -pressure and pulse-rate in Experiments i 
and 11. We begin the pressure- curve by making a dot on the first 
perpendicular, at a height corresponding to the number 7S. Passing 
along horizontally from this for a apace corresponding to fifteen seconds 
to the abscissa, we make another dot ; and at ten seconds further, at a 
height corresponding to So, we make a third dot, and so on. We 
then connect the dots by lines, and thus obtain the curves we wi;h, 



CemparisoH of Ihe B£s:ls of Drugs on difftrcnt Animali in ilifferait 
Dosa. — Modi of d^rmining the Exact Cause of Symptomi. — 
Mode of raising Blood-praatre. — Modes of counting lie Seats 
of tkg Heart. — Causes of Qaiciened Pulse.-^ Direct StimulatioH 
of lie Sympathetic. — Stimutatien of Cardiac CaHglia. — Paia/ysis 
of the Vagus-roots and Fibres, and of its ends in the Heart. — Causes 
of Slew Pulse. — Irritatian of Vagus-roots. — Mode of supplying lie 
Head and Bodymilh different kinds of Blood. — Indirect Irritation of 
Vagus-mots through the Blood-pressure: mode of loaering audrais- 
ing it. — Reflex Irritation of Vagus, roots, — Indirect Irritatien through 
the Respiration, — IrritaOoa of Vagus-fibres. — Increased Conducting 
Power of litres. — Stimulatiott of Vagus-ends. — Paralysis of the Sym- 
pathetic— Paralysis of the Cardiac Ganglia.— Part of the Ganglionic 
Apparatus Abated. — Nemous System in the Heart. — Motor Ganglia. 
r—StimulatiHg Gan^ia. — InhHrOorf Ganglia. — Connecting Apparahis. 
— Action of Drugs on the Inhibitory Apparatus — Nieotia, Muscaria, 
— Anta^mism of Atropia and Physostigma : bearingefthis on Thera- 
feuties. — Paralysis of Co-ordinating Apparatus. — Paralysis of the 
Muscular Fibres of the Heart. — Blood-pressure: mode of dderminsng 
whether changes in it are due to alterations in the Heart or Vessels. — 
Elimination of the Action of the Heart: Division of its Nerves. — 
Irritation of Vagus. — Ligature of Aorta. — Artificial CirculafioH ; in 
Mammals, in the Frog. — Observation of Vessels. — Aelioii on Valo- 
motor Centre; oh Vascular Walls. — Influence of tks Action of Farts 
surrounding the Vessels upon fiim.^-Action of the Pulmonary Circu- 
lation an the Bloed-pressure.-Use of the Sphygmograpk. 

Comparison of the Effects of Dkugs. — Before proceeding to 
examine separately the different stnictures throiigli wMch a drug may 
act on the blood-pressure, it is advisable to compare the eliects which 
it produces on animals of dilTerent kinds, such as dogs a.nd rabbits, as 
well as the actioo of larger ajid smaller doses on animals of the same 
kind. Continuing to take as an example the action of atropia, ad. 
micttbly investigated by Von Bezold, we find the following results. (61) 
Wilh a small dose of atropia injected into the jugular vein towards 
the heart : 
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The blood -picssure lises in both rabbits and dogs : 
The pulse becomes quick, rising in rabbits from 256 to 2SS ; in 
dogs, from So to 240. 
With a larger dose : 

The blood -pressure, in both rabbits aJid dogs, falls at first and 

afterwards rises Co the normal. 
The pulse becomes quick in both. 
With an additional dose : 

The blood-pressure in rabbits falls very low as the poison reaches 
the heart ; afterwards rises ; and falls again below the normal. 
The pulse becomes slower, and then quicker. 
With a very large dose ; 

The blood-pressure sints instantly in both rabbits and dogs. 
The pulse in rabbits becomes slower and weaker, and then stops; 
in dogs, it becomes quick. 

This comparison between the effects which atropia produces in different 
animals, and in large and small doses in the same animal, shows us that 
it sometimes raises and sometimes lowers the blood -pressure, but that 
it always quickens the pulse, except when a large quantity of the poison 
is introduced at once into the heart of the rabbit On consulting 
the table already given (British Medical Jourkal, June 3rd, 
page 583), it will be seen that quickening of the heart may be 
due to stimulation of the sympathetic^ either directly by the drug or in. 
directly by diminution of the blood -pressure ; to stimulation of the car- 
diac ganglia ; or to weakening or paralysis of the vagus. Any one of 
these conditions may cause quickened pulsation ; and, in order to de- 
termine which of them really does it, we roust test each one of them 
separately by farther experiment. 

MODU OP DETEKMINING THE EXACT CAUSE OF SVMPTOMS. — The 

plan which we follow is this : we suppose for the time being that the 
cause which we are testing is the true one, and consider what effects it 
will produce under certain conditions. We then supply these condi- 
tions experimentally, and see whether or not the results we obtain cor- 
respond with those which we should find if our supposition were cor- 
rect. So in the present instance we first Eistt, Is the quickening of the 
pulse due to indirect stimulation of the sympathetic roots by diminished 
blood -pressure or not ? We suppose for the moment that it really is so, 
and we consider that if we raise the blood-pressure we shall remove the 
cause of quickening and bring the pulse down again to its normal rate. 
We then proceed to raise the pressure, and see whether or not the pulse 
is rendered slow, as we expect it to be. In the case of atropia, a special 



experiment is not necessaiy for this purpose, as we liave seen thil small 
doses do not lower but rahi [he blood'pressure, at the same time that 
they qniclcen the pulse ; consequently the quickening cannot be due to 
indirect stimulation of the sympathetic. Other drugs, however, such as 
nitrite of amyl, esen in small doses, iower the blood-pressure at the 
same time that they quicken the pulse ; and in their case we must raise 
the blood'pressure artificially. 

Mode of Raising Blood-pekssure. — This may be done either by 
injecting a sufficient quantity of the defibrinated blood of another animal 
of the same species, warmed to 98 deg. Fahr., into the carotid or crural 
artery towards the heart, or by compressing the aorta. The aorta may 
be either compressed by the thumb of the operator, or by a narrow pad 
of cork laid over it and pressed upon it by a tourniquet, of which the 
strap has been passed round the animal's body. 

Mode of Counting the Beats of the Hbaht.— Now, if we wish 
to determine the blood-pressure at the same time with the pulse-r&te, 
we may count the Utter from the osirillations which each beat of the 
heart produces in the traring of the kymographion, or from the sphyg- 
moscope attached to it ; but this is not always necessary, and we may 
wish to ascertain the pulse- rate without going to the trouble of opening 
an artery and using a manometer. We may do this in three ways^i. 
By feeling the pulse in one of the large arteries, such as the crural, with 
the finger ; i. By listening to the beats of the heart with a stethoscope ; 
3, By the motion ofa needle stuck into the ventricles. For this pur- 
pose a fine barelip-ncedLe is inserted at the point where the apex 
beats, and is pushed upwards into the substance of the ventricle. At its 
upper end it may have either a knob, or a loop to which a thread can 
be attached, and a barb at the point will prevent it from changing its 
position in the heart when traction is made upon it. In rabbits, the 
point where the needle should be inserted is in about half an inch to 
the left of the sternum in the third intercostal space, and the length of 
the needle used should be about three inches. Various means have 
been proposed for counting the oscillations more readily than can be 
done by simply watching the movements of the needle itself. (6z) The 
knob of the needle may be allowed to strike against a wineglass, and 
the pulsations may thus be counted by the ear ; or a needle without a 
knob may tie used, and a rice-straw with a piece of bright- coloured paper 
attached to it may be slipped over it, so that its vibrations, amplified by 
the long straw, and made more visible by the bright- coloured paper, 
may be readily counted by the eye. 
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It way of registering the oscUlations on an upright cylinder 
is one devised by Proressor Strieker. One of Misey's cardiographic 
levers is fixed on a rod close to the side of the animal atid some distance 
above it, and a small piece of cork attached to the lever. One end of 
a tine thread is then fastened to the needle, and its other eod pulled 
throiigh a slit in the cork till it is sufficiently tight to make the lever 
vibrate with each movement of the needle ; it is then fastened by twist- 
ing it romid the lever, or by a little sealing-wax. If the lever be not 
raised several inches above the needle, it is pulled too much to a side 
and not sufficiently downwards to give a good tracing. The tracing 
may be taken either on plain paper with a glass-pen or camel's hair- 
brush attached to the lever by a piece of corlt, or with a dry point on 
smoked paper. Instead of a vertical cylinder a horizontal one may be 
Dsed, and is perhaps still better. In this case the lever should be nearly 
mi a level with the needle, and not raised mnch above it. 

Is THE QUICKEMNG OF THE PuLSE DUE TO DIRECT STIMULATION 

OF THB Sympathetic ? — If so, the injection of the drag should cause 
an increase in the pulse-rate after the vagi have been divided as well as 
when they are intact. We, therefore, divide the vagi, inject the drug 
into the veins, and see whether or not the pulse-rate is increased. On 
doing this with atropia it is found that the pulse becomes slower rather 
than quicker, showing that the drug does not stimulate the quickening 
nerves of the heart. The increased rapidity of the pulse which it pro- 
duces when the vagi are intact is, therefore, not due to this cause. 

Is THE Quickening due to Stimulation of the Cardiac Gan- 
glia ? — The experiment just mentioned shows that it is not, for if it 
were, injection of atropia should cause quickening after division of the 
vagL Supposing, however, that it had caused quickening, the question 
whether the acceleration was due to the ganglia or the sympathetic 
would have to be decided by dividing all the nerves going to the heart 
with a platinum- wire heated by electricity, (63) and then injecting the 
drug, or by applying it (o the heart of the frog in a way which I shall 
afterwards describe. If it quickened the bests of a heart thus separated 
from all other neives, it could only do so by acting on the cardiac 
ganglia themselves. 

Is THE Quickening due to Paralysis of the Vagi!— The ex- 
clusion of the other causes leads us to believe that it is due to this ; 
hut, in order to avoid the possibility of error, we must try to confirm 
our conclusion hy other eiiperiments ; and, moreover, we have still to 
find out which part of the vagus is affected — its roots, Its fibres, or its 
ends in the heart. 
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Abe the Vagus-hoots Paralysed by the Drug ? — We are en- 
abled, to answer this question by our knowledge of the fact, that poisons 
only act on llie parts to which they are carried by the blood, and that 
when introduced into the circulatiDn they do not reach every part of 
the body at once, but are carried on with the blood-stream Erst to one 
part and then to another, and will reach a part near the point where 
they were introduced before one wMch is farther off. Thus if we inject 
a drug into the carotid it will be carried direct to the head, and will act 
on the medulla oblongata and the rootE of the vagus before it reaches 
the heart ; but if we inject it into the jugular vein it will reach the heart 
and act on the vagus-ends in it before it reaches the roots in the medulla. 
If atropia paralyse the vagus-roots, then its injection into the carotid 
towards the head should be followed by rapidity of the pulse more 
quickly than its injection into the jugular ; but if it act on the vagus- 
ends in the heart, the pulse should became rapid more quickly after 
injection into the jugular vein towards the heart than after injection into 
the carotid. On testing this experimentally, it is found that, when 
atropia is injected into the jugular vein towards the heart, the pulse at 
once becomes quick, even before the injection is linished ; but, when it 
is injected into the carotid towards the head, the pulse is not quickened 
for a quarter of a minute or more, or, in other words, till the poison 
has had time to pass through the capillaries of the head and go through 
the veins to the heart. This, then, shows that it is the vagus-ends in 
the heart, and not the roots in the medulla, that are paralysed by it. 

Are the Vagus- fib res Paralysed? — From the rapidity with which 
paralysis of the vagus occurs after atropia reaches its ends, we have 
already come to the conclusion that the ends are the part affected rather 
than the roots or fibres ; but It is well to substantiate our conclusion by 
farther experiraenL We divide the vagus and galvanise its periphenJ 
extremity, If we do this to a normal vagus, the heart will beat more 
slowly or stand still altogether ; but if either the fibres or ends of the 
nerve have been paralysed, no change vrill be produced in the heart's 
rhythm by the application of galvanism to its trunk, and this we find to 
be the case after the administration of atropia. But this experiment 
does not enable us lo decide which part of the nerve is paralysed — the 
fibres or the ends, for in either case the effect would be the same. We 
may do this, however, by observing the effect which irritation of the 
vagus-trunk produces on such of its fibres as do not go to the heart. If 
it were the fibres which were paralysed, we should expect that those 
which go to the heart would not be the only ones afTected, but that 
those going to other parts would be paralysed likewise. 
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Thsvehitherto spoken of the vagus as if it were a simple nerve contain- ' 
ing only inhibitory fibres for the heart, but it is really a most compli- 
cated bundle, containing centripEfal fibres having probably no fewer than 
eleven diRerent functions, and centtifugal ones having nine or ten 1(64) 
KO it is little wonder that it has long been a puzzle to physiologists, and 
even yet its functions are not completely investigated. Among these 
fibres are same which prodnce contraction of the ossophagus and muscles 
of the larynx ; and if we find that irritation of the vagus continues to 
produce contractions in these parts after it has ceased to render the heart's 
action slow, as is the case after injection of atropia, we conclude thai its 
fibres are not paralysed. Dr. Rutherford has shown(65) that the best 
mode of observing the effects of irritation of the vagus on the muscles of 
the larynx, is to open it in front and place the animal in such a position 
that the light may be reflected from the inner suiface of the arytenoid 
cartilage, as the slightest movements can then be readily detected. In 
this way it is found that atropia produces complete paralysis of the car- 
diac branches of the vagus, while the motor fibres supplying the mus- 
cles of the larynx remain unaffected ; and we are therefore forced to con- 
clude that it acts not on the fibres but on the ends in the heart. A 
more direct method is to apply the drug dissolved in an indifferent 
£uid, SQch as half per cent, solntion of chloride of sodium, to the vagus 
itself, and then to irritate the nerve above this point. This may be 
done by dropping the solution on the nerve after placing a piece of 
gutta-percha tissue below it, so as to ]<eep the fluid from reaching the 
tissue below and being absorbed. If the drug paralyse the fibres the 
irritation which is applied to the nerve above the part which is moist- 
ened by the solution will not be conveyed by the paralysed part of the 
nerve, and will consequently have no effect on the heart. 

How DOES A Drug render the Heart's .Action Slow? — We 
have now gone over the experiments which are necessary to determine 
what the stmctnre is through which a drug quickens the heart's action, 
and we have now to consider those which we require when investigating 
the action of a drug which renders it alow. It may do so by irritating 
the vagus-roots, fibres, or ends ; by increasing their excitability, so that 
they act more strongly when stimulated ; Or by paralysing the sympa- 
thetic, the cardiac ganglia, or the muscnlar substance of the heart itself. 

Does it act bv irritating thb Vagus-roots? — In order to 
answer this question, we divide both vagi and then inject the drug. 
We thus separate the heart from the vagus-roots and deprive them of 
any infinence over it, so that, if they have been the cause of sh>wnesB of 
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the pulse in previons eipcriments, il will not occur 
slowness have been due to other causes it wiU, ' 
two exceptions, be noticed in this eKperiment just a 
vagi been iotact. These exceptions, which we will i 
s.re increased excitability of the vagus-fibres and em 
can only act on the heart through the medium of the fibres and ends ( 
if the drug itself shoaid affect these structures, its action on the heart 
may be much altered or even destroyed. If the vagus-ends he para- 
lysed, the roots can exert no more action on the heart than they can 
after we have cut through the trunks ; and if the excitability of the 
ends be increased, the power of the roots over the heart will be greatly 
augmented, so that the heart's action may be made slow without there 
being any actual irritation either of the roots or ends. In order, then, 
to find out what effect the dmg has on the vagus-roots themselves, we 
must inject it into the carotid, so that it may reach tbem before it reaches 
the fibres or ends ; and note what change occurs in the pulsations 
of the heart immediately after the injection. Any change which occurs 
immediately is due to the effect of the drug on the roots themselves ; 
and, by comparing the number of pulsations at this time with that 
which L; found a quarter of a. minute or so afterwards, when the drug 
has reached the vagus-ends, we may discover whether tlieir excilabiUly 
has been increased or diminished. Thus, in the experiment already men- 
tioned for ascertaining whether or not the vagus-roots are paralysed by 
atropia, we find that, when we inject it into the carotid, we get immediate 
slowness of the pulse, showing that the vagus-toots are irritated by tlie 
drug i but whenever it gets round to the heart it paralyses the vagus- 
ends, and the slowness at once disappears. If we were to keep the 
head alive by supplying it with an artificial stream of blood containing 
atropia, and prevent any of the poisoned blood from reaching the heart, 
the slowness might be continued indefinitely. 

OF Blood, — In his researches on respiration, (66) Hering employed 
a method of this sort, at one time supplying the brain with blood loaded 
with carbonic acid while the blood of the bodj was richly arterialised, 
and at another sending arterial blood to the brain white respiration 
was slopped and the blood circulating tn the body was intensely verurns. 
For this purpose he opened the thorax and tied the left carotid and 
innominate close to the aorta, and the vena cava superior close to the 
heart in a cat ; he then introduced one cannula into the innominate 
artery, and another into the vena cava, and injected dog's blood, deli- 



brinaled and wanned, into the innominate arteiy, while lie allowed it to 
flow out by the vein. 

In atropia, we have an example of a drug which acts on more than 
one part at once, and whose action on one part completely neutralises 
the effect which its action on the other would produce. In the case of 
others, however, we have the action on the different parts strengthening 
each other, as in veralria, which, like stcopia, stimulates the vagus- 
Toots,(67) but, instead of paralysing the ends, increases their sensibility, 
and thus greatly augments the eFTect which the excited roots would 
have exercised over the heart, even had the ends remained unaltered. 

Are the Vagus-roots irritated directly by the Drug or 

INDIRECTLY THROUGH INCREASED BLOOD-PRESSURE ?^Along with 

the slow pulse, produced by the injection of atropia into the carotid, a 
rise occurs in the blood-pressuie ; and howaie we to determine whether 
the irritation of the vagus-roots is due to this increase, or to the direct 
action of the drug itself? This is a question very difficult to solve ia 
the case of atropia, on account of the rapidity with which the vagus- 
ends are paralysed and all influence of the root over the heart destroyed. 
In the case of nther dm^ however, where time is allowed, the ques- 
tion might be settled by diminishing the blood -pressure and seeing 
whether or not the slow pulse returned to its normal rate, and then 
raising it again and observing whether the pulse again became slow. 

Mode of Lowering and Raising the Blood- press ti re. — The 
blood-pressure may be lowered by opening a large artery, such as the 
carotid or crural, and allowing the blood to flow out into a vessel 
woimed to g& deg. Fahrenheit, and again raised by injecting the warm 
blood back into tbe artery. Or we may adopt Ludwig and As^i's 
plan,(68) of inserting into the central end of the carotid a straight tube 
with a stopcock io its middle, and the moist bladder of a small aidmal, 
wdl emptied of air, tied to Its free end. When the stopcock is opened, 
the blood rushes from the carotid into the bladder, and the tension in 
the arteries is diminished ; but, when we press the blood out of the 
bladder back into the arteries, the tension on them is again increased. 

Are thb Vagus-roots Irritated Reflexlt fkom some other 
PART OF THB NERVOUS SYSTEM ? — There are two ways of deciding 
this ; the first is to inject the poison in such a manner that it shall 
reach the vagus-roots before it reaches the oiher nervous structures 
through which we suspect it to act reflexly ; the second is to remove 
these nervous structures themselves, or to destroy their function by means 
of some other poison. Thus, if we think that atropia, when ipjeolod 
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into the caiolid, acts on the medulla tlitough the cerebnim, we msy either 
remove the latter, ot abolish its funclion by opium or chloral. The 
application of irritating vapours, such as ammonia or tobacco -smoke, to 
the nasal mucous membrane of a rabbit, produces still-stand of the 
heart. We ascertain that this is due to irritation of the vagus by cut- 
ting it and finding that the vapour then has no effect ; and we next de- 
cide that the irritation is conducted to the nervous c< 
trigeminus and not thiouEh 'lie olfactoiy n 
section of the former likewise prevents the acl 
heart, while section of the latter does not affec 

Ark the Vagus-roots Irritated i 
IMPAIRING Respiration, and t 

ACCUMULATE IN THE BLOOD? — In the I 

have ascertained that the vagus is irritat 
ducted to the nerve-centres through the trigeminus, hut we do not 
know that the irritation is directly reflected from the trigeminus to the 
vagos. It might be due to irritalion of the vagus.roots by cartniQic acid, 
which has accumulated in the blood from impeded respiradon ; for the 
irritating vapour applied to its nose causes the rabbit bj close its nos- 
trils and stop breathing for a while if the trigeminus be intact, but when 
it is cut no irritating impression can be conveyed to the brain, and so 
no closure of the nostrils takes place, either voluntarily or reflexly. Tlie 
rabbit, therefore, continues to breathe freely ; no carbonic acid accu- 
mulates in the blood, and no irritation of the vagus occurs. Other 
drugs, such as strychnia and cumre, etc., impede respiration — not by 
causing closure of the nostrils and consequent obstruclion to the pas. 
sage of air to the lungs, but by acting on the muscles and nerves and 
diminishing the respiratory movements. Strychnia does this by pro- 
ducing tetanic contraction of the respiratory muscles, curare by para- 
lysing them, and chloral by diminishing the excitability of the respira- 
tory nervous centre. In all such cases, in order to ascertain that indirect 
irritalion of the vagus from impeded respiration is not the cause of the 
slowing of the pulbe, we insert a cannula into the trachea and begin 
flrtificifll respiration ; we then note the rate of the poise and blow the 
initaling vapour into the nostrils, or inject the drug into the veins, and 
see whether or not the pulse is rendered slow, taking care tn keep up 
artificial respiration all the time. If the dtug cause convulsive move- 
ments which interfere with the proper performance of artificial respira- 
tion, curare should be given so as to prevent their occurrence, mid the 
experiment should be again repeated. 
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Is THEIR CONDUCTIN 

FOWERFULLV ? — If their conducting power be increased, other stimuli 
as well as those from the roots will act more powerfully on the heart. 
We therefore divide the vagi and apply a stimulus to the peripheral end 
of one or both by iriilaiing them with one of Uu Bosi Reymond's in- 
duclion-coils, and note at what distance from the primary coil the se- 
condary one must stand in order to produce stoppage or slowness of the 
heart; we then apply the drug to the nerve below it and again irritate. 
If the excitability of the nerve be increased, stoppage or slowness should 
be produced when the distance between the primary and secondary coils 
is greater — that is, when the current is weaker than before. It is gene- 
rally assumed ihat the £bres are not likely to be affected, and these 
experiments ate rarely performed. 

Are the VAr.tJs-ENDs Excited ?— We may lest this in the same 
way as the action on the roots, by injecting the drug at one time into 
the jugolar and at another into the carotid. If it increase the excita- 
bility of the ends without affecting the roots, we should find it produce, 
when injected into the jugular vein, an immediate slowing of the pulse, 
which does not become greater in a quarter of a minute afterwards, when 
the drug has reached ttie roots. When injected into tbe carotid, no slow- 
ness should occur till sufiident time has elapsed for it to pass round to 
the heart. If it increase the excitability of both roots and ends, imme- 
diate slowness should occur, whether it be injected into the jugular or 
carotid, and this should become more marked after fitleeo or twenty 
seconds. If, like physostigma, it increase not only the excitability of 
the vagns-ends, but that of the quickening centre in the head, injection 
into Ihe jugular should he followed by immediate slowing, which would 
become less marked when the drug reached the head, and injection 
into the carotid by an immediate quickening, which would become less 
ur give place to slowness when the drug reached the heart. 

Al tirst si|;ht one might think that, after time had been allowed for 
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the drug to pass round the circulation and be applied both to the vagua- 
roots ODii ends, its aclioti un the heart would be the same whcilier it 
had been originally injected into the jugular or into the carotid ; but 
this is not the case, for that organ towards which the drug was injected 
gels a larger dose, and its action is more strongly excited than that of tbe 
otber. Thus when physostignia is injected into the carotid, the quick- 
ening centres are stimulated ajud tbe pulse-rate rises ; and, although the 
pulse [alls somewhat after the vagus-ends have also been acted on, it 
nevertheless continues above the normal, the stimulation of the vagus- 
ends not being able to counteract the still more excited quickening 
centres. When it is injected into the jugiJar, the vagus-ends get ihe 
largest dose ; and, although the pulse, which is at first made very alow, 
may afterwards become quicker when the drug reaches the brain ; 
it nevertheless does not reach the normal rate, the quickening cen- 
tres being unable to counteract the more strongly excited vajjus. I 
the vagus be then cut, however, the pulse becomes quicker than it 
would have done had no physo^tigma been given; or, if the vagi be first 
cut and the ding injected, the pulse is quickened at once.(7(i) One 
might think that, since the drug acts on the vagus-ends, its action should 
remain after the nerves themselves have been divided ; but since it is 
by increasing the excitability of the ends that it acts, if we separate 
these ends from the roots, and thus remove their normal stimulus, their 
increased excitability can have but little eJTect. In order to measure 
the amount of increase in the excitability of the nerves, we divide the 
vagi and irritate them by an induction-coil, noting the strength of 
current required to produce stiil-stand or slowness of the heart before 
and after injection of tie drug into the veins. 

Is THE Sympathetic Paralvsed? — This is tested by cutting tbe 
vagi and dividing the spinal cord between the first and second cervical 
vertebra, so as to exclude tbe action of those centres in the head which 
quicken the heart and raise the blood -pressure ; the drug is then in- 
jected, and the sympathetic irritated by an induced current and the 
pulse counted. If it be quickened by the irrilntion, the sympathetic is 
not paralysed. 

Are the Cardiac Ganglia Paralysed I — To see whether or not 
the nervous structures contained in the heart itself are acted on by a 
drug, we must separate it from all other nerves parsing to it from 
without, and prevent its being acted on by anything other Lhan tbe 
dtug, such as altered blood -pressure or temperature. This is done in 
mammals by dividing the vagi, tbe sympathetic cord, the depressor, luid 



the spinal cord between the first and second cervical vertebra. The 
heart is thus separated from the quiclfening and retarding centres, so that 
nny alteration in its beats must be due to the nerves contained in its 
walls, or the muscular fibre of these walls themselves ; at the same 
time the vessels are separated from the vaso-motor centre, and the heart 
is thus protected from the effects of any change in the blood-pressure, 
except the generally unimportant ones produced by the action of the 
drug on the vascular walls. The number and amplitude of the heart's 
contractions are then registered by a needle placed in the ventricle, and 
the blood-pressure by the manometer ; poison is injected into the jugular, 
ajid the tracings talten afterwards are compared with those taken before. 
If we find that the heart-beats have become slower and weaker, while 
the pressure they have to overcome has not been increased, we may 
conclude tbat the motor nerves or the muscular substance of the heart 
have become paralysed. If the blood- pressure have risen, blood should 
be allowed to flow from an artery till it falls to its previous level, and 
then tracings should be taken with the needle for comparison with the 

The action of drugs on the heart can be studied still better in the 
frog than in mammals, as the heart of the former Can be completely 
separated from the body, so that the drug can be applied to it alone. 
After its removal it continues to pulsate just as before, and, conse- 
quently, any action of the drug on the rhythm or force of its beats can 
be very easily noticed. The usual way of making experiments on this 
subject formerly was to take out the heart and lay it in a solution of the 
poison, or, what was better, to take two glasses containing solution of 
chloride of sodium (half per cent.) and add a little of the drug to one 
of them, A frog's heart was then laid in each, and the beats of the 
poisoned compared with those of the unpoisoned one. Both of these 
plans ace inferior to that of Ludwig, who supplies the heart with serum 
so as to keep it as nearly as possible in a normal condition, and at- 
taches to it a manometer, so that it may itself register the immber and 
form of its beats, and give more exact indications than could be ob- 
tained by merely looking at it. The apparatus which he and Cyon first 
uaed, and which is figured iu his Arbdkn for tS66, has been consi- 
derably modilied by Dr. H. P. Bowditch, and is shown iu fig. lo. It 
consists of a litot glass lube {c c' c"), which is supported by a glass 
plate (d). The frog's heart (a) is connected to the eud^i of this tube by 
means of India-rubber tubing and two glass cannula;, one of which (b) 
is tied into the vena cava and the other (s') into the aortic bulb. The 
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iFcur (k or k'), and the stopcock ma; be so tamed u to nllow 
semm to enter the part of the tube above it, the part below it, or bolh 
together, or the communication with K may be shut off while the lumen 
of the tube remains open. Bjr c', the serum which has been already used 
is allowed to escape, when a fresh supply is given, and c" allows the 
tabe to communicate vrith a manometer (m), on the mercury in which 
a fine pen fioats and registers its oscillations on a revolving cylinder (ij). 
Each time the heart contracts, it drives the semm with which it is filled 
out of the ventricle, round the tube, and back through the vena cava 
into the anricle, and at the same time raises the mercurial column in 
M. The height of the curve traced by the pen depends very much on 
the amount of serum which the heart contains, being very much higher 
when the heart is full; and it must, therefore, be equally filled each 
lime, or very different tracings will be obtained. For this purpose I 
use, as reservoirs for the semm, fountain. bottles, in the mouth of which it 
always stands at the same level, and, consequently, always fills the heart 
at the same pressure. One of them |K) is filled with pure serum, 
and the other {K.' ) with serum to which a certain amount of the drug to 
be tested has been added. 

For the purpose of introducing the cannula into the heart, the brain 
and cord of the frog are destroyed by a piece of wire, and the animal 
fixed on its back to a board, A v-shaped incision, with its apex at the 
lower end of the sternum, and its limbs extending upwards and 
outwards towards the fore-arms, is then made in the sltin, and the flap 
turned back or cut off. The sternum is then removed in a similar way. 
The pericardium is next opened, the cut being made while the heart is 
contracted, so as to avoid injuring it. The apex of the heart itself is 
then turned upwards, and two ligatures are passed underneath a small 
vein which runs from its posterior surface to the pericardium. The 
ligatures are tied, and the vein is cut between them. The pericardium 
must now be removed entirely from the heart, and the vena cava 
superior and the right branch of the aorta tied. The vena cava inferior 
is carefully isolated ; a ligature is passed under it ; a short and wide 
cannula tied into it, and another into the left branch of the aorta. 
The heart is llien cut away from the body. Both cannulas are filled 
with serum, and connected by India-rubber tnbing to the ends of the 
tube c c' c", care being taken to exclude air-bubbles. The end of the 
manometer nearest c is filled with serum by opening the clip at V, and 
allowing all the air and a little serum to escape. The clip is then re- 
placed, and the heart allowed to beat once or twice, with the stopcock 
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c and the clip j Ireelj open, so that it maf become full of &esh sentm. 

The stopcock C is then turned so as to cot off the lube c c' c'' from all 
communication with K ; and tracings are then talieo, an abscisa or 
icfo-line being drawn under each. The heart is next supplied with 
poisoned serum from k', and the tracings which it gives are compared 
with the normal ones. By slightly turning the stopcock C, a greater 
or less resistance may be opposed to the circulation of fluid, aod the 
effects thus imitated which contraction or relaxalioa of the vessels 
would produce in the living animaJ. 

Another apparatus has been invented by Ludwig, and used by Coals 
in his research on the vagus,( 7 1 ) in which there is no circulation, the serum 
being simply forced ont of the ventricle at each systole, and falling 
back at each diastole. It gives, however, very good tracings of the 
number and form of the heart-beats, and is extremely well adapted for 
observations on the effects of drugs on the vagus. Its consists of a 
manometer, e, and a reservoir. A, with which the frog's heart is con- 
nected by two cannulie, D and D. The frog's heart is prepared by 
destroying the brain and spinal cord, removing the sternum and fore 
legs, but leaving 3 large flap of skin, s, to cover the heart with, and 
then introducing a cannula into the vena cava and aorta, as in the 
former eiperiment Instead of then cutting out the heart, the liver and 
lungs are removed, and the stomach is cut through the middle ; and a 
glass tube, sealed at both ends, and as thick as the cesophagus will 
admit, is pushed through it till one end projects at the mouth and the 
other from the cut end of the stomach. The vagus is thus clearly dis- 
played ; and, in order to isolate it more perfectly, all other nerves 
should be cut away, as well as a part of the pharynx, so that no soft 
parts may touch it from its exit from the bone to the place where it 
crosses the aorta. From this point to the heart, it should be left un- 
touched ; and the jugular vein should not be lied, so as to leave it un- 
disturbed. The glass tube, j, is then fixed firmly in a holder, L, and 
the cannulie, D and d', connected with the reservoir, A, and the mano- 
meter, S, Instead of the reservoir A shown in the figure, it is perhaps 
better to use two fountain-bottles. The apparatus is used just like that 
shown in Fig. lo ; and the heart should in this case also be filled so 
full that a certain tension exists within it even during diastole. The 
amount of this is shown by the height of the diastolic carve above the 
zero-line. When the vagus is irritated, the tension during the diastole 
sinks ; bat, if its inhibitory fibres be paralysed by alropia, which leaves 
its quickening ones nnhurt, iriitfttion has then the opposite effect, uid 
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the leoaion during the diaslole becomes greater and greater till the 
heart may stood stiil in firm cantractiDD.(72) 

What Part of the Ganglionic Apparatus is the Ukaet is 
AFFECTED ? — Iti dealing with this part of the suiijecl, we tread on very 
unstable ground, for here pharmacology has almost run ahead of phf- 
siology 1 aod even with our physiological knowledge of the nervous 
Etructures of thr heart a great deat of speculation is mixed. We know 
ihat the heart contains ganglia scattered through its substance, but 
found in the greatest numbers in the septum between the auricles and 
ill the auiiculo- ventricular groove of the frig's heart,(73) in which Ihey 
have been chiefly inveslig.itcd. As the heart, long after it has been 
separated from the body, or the apex after it has been cut off from the 
ventricle, will still continue to beat rhythmically, the cause of the con- 
tractions must be contained in itself; and we assume the cause in each 
part to be the cardiac ganglia, and suppose that they are connected by 
some apparatus which keeps them working harmoniously together, as 
the different parts of the heart all contract in a definite order so long 
as it is uninjured. Their action may be rendered slow or quick by 
nerves passing to them from without, both the retarding and the quick- 
ening nerves being contained in the vagus in the frog (74); while in mam- 
mals the retarding ones are found in the vagus,{75) and the quickening 
ones chiefly in the thiixl branch of the ganglion stellalnm (76] (or first 
dorsal generally joined to the last cervical), although some may also be 
found in the vagus. (77) 

Some physiologists consider that the function of all the ganglia is 
simply to keep up rhythmical movements in the heart. {78) Others hold 
that only some of them, found chiedy in the venous sinus and ventricle, 
have this function ( 79); while othcTB are inhibitory, and restrain the action 
of the former. (So) These inhibitory ones exist chiefly in the septum be- 
tween the two auricles.(8i ) The reason of this supposition is that, wheit 
the venous sinus is separated from the rest of the heart, it conti- 
nues to pulsate ; but the amides and ventricles stand still. When the 
ventricle is cut off from the auricles, it Ix^ns to beat again, but the 
auricles do not ; so that it would seem as if the motor apparatus in the 
venous sinus and veatricles together could overconre the inhibitory 
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i» in the itnncles, aod keep the heart going ; but that tbii is too 
strong for the motor ganglia in the ventricle alone, and will not let 
them go on till they are separated from it, or till it becomes exhansted, 
which it seems to do after a little, and then both auricles and ventricles 
be^n anew. The physiologists who hold the simpler view, say that 
this stoppi^ is only due to the irritation of the vagus-fibres which run 
along the venous sinus, and that the renewed cardiac contractions are 
simply due to the irritation passing off. (82) The pharmacologist, however, 
is not contented even with the more complicated of these mechanisms, 
but demands a still more elaborate nervous apparatus in order to explain 
the action of poisons on the heart (83) The necessity for this has been 
clearly shown, and a plan of the nerves drawn up, by Professor 
Schmiedeberg. I have endeavoured to represent the supposed nature 
of this apparatus in the accompanj^ng diagram. It conasts of a 
ganglion, M, which keeps up a rhythmical contractiaD of those muscu- 
lar fibres of the heart to which it is comiected by the fine nervous fila- 
ments, E. This ganglion is connected by an intermediate apparatus 
with an inhibitory ganglion, !, which can retard or atop the muscular 
contractions which M produces ; and by another apparatus, c, with 
another ganglion, Q, which quickens the contractions. I is connected 
by an intermediate apparatus. A, with the retarding fibres, v, of the 
vagus, and D with the quickening nerves, s, of the heart. 




Fig. la- — Diagram of the hypolhcliCHl nervous apparatoa in tlie heart. K, Motor 
ganghtnL r. Inhibitory Banglioiu q. Quickening Eanglia. V. Inhibiloty filires ! 
luid s, quickening fibres from the head. A, a', h, and c. intermediate appparatiu. 
E. Fibrea pa^Nng from the motar ganglia n, to the tnnscutar substance r. For 
vmriLidtv'fi sake, only odc ad of motor Aanglia has boon representect, liul'Otticr 
aimilar ones are to be suppojied to t>e preaent in other parts of the heart, and so 
CDDnecledwilh this set lh.1l Ihev ajl work io. uniHm. It must be rememliered 

the s^cldi will be found of service in remembcting and companng the action of 



Inhibitory Gancilia of Heart,— We have hitherto included 
under the terms vagm-ends all Uie inhibitory apparatus in the heart ; 
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but, when we begin to experiment with the heart alooe, wc find that 
poisons which such experiments as have already liecii described would 
lead us to class togethsT, as acting on the vagus-ends, reollj' act on very 
diFferent parts of the cardiac nervous system. Thns nicotia, when in- 
jected into the blood aflerthe vagi and cord have been divided, renders 
the poise slow; but this soon gives way to quickening; or, if the dose be 
large, quickening may occur at once; and, if we then irritate the vagus, 
we Und that we cannot render the heart beats slow any more than we 
can after poisoning by atropta.(84) We thus see that, after the irritation 
which nicotia lirst occasions in the vagus-ends has passed off, it para- 
lyses them ; and we might thus be inclined to think that they acted on 
the same structures. But, if we give nicotia to a frc^, and instead of 
irritating the vagus, we irritate the venous sinus, still-stand of Ihe 
heart is at once produced ; while, if atropia be given, and the 
venous sinus then be irritated, the pulsations are not slowed at all 
— showing us that there is some inhibitory apparatus in the venous sinus 
which has been paralysed by attopia, but left untouched by nicotia. We 
may substantiate this conclusion by another and extremely useful method 
of investigation — viz., by administering another poison, and seeing how 
its action is Effected by each of the other two. If we allow a Utile mus- 
caria to reach a frog's heart. Its beats become slower and slower, and at 
last cease altogether ; the ventricles remaining widely distended, just as 
they would do if the vi^us were strongly galvanised. If nicotia be 
then injected into the frog or mixed with the seium supplying an excised 
heart, no alteration is observed ; and, if nicotia be injected before the 
muscaria, the latter poison stops the heart just as usual, although the 
nicotia may have so paralysed the vagus that no irritation whatever 
applied to its trunk could act on the heart. But, if atropia be used in- 
stead of nicotia, the eJfect of the muscaria is at once destroyed, and the 
heart, which was standing quite still, immediately begins to beat.($5) 
If the atropia be applied first, and muscaria given afterwards, it has no 
effect. Hence we see that nicotia has paralysed some part of the inhi- 
bitory apparatus farther away from the motor ganglia than that on 
which muscaria acts, while atropia has acted either on the same part as 
muscaria, or on some other one which lies between it and the motor 
ganglia. 

Now, as the inhibitory effect produced by muscaria is not developed 
all at once, but goes on slowly increasing till it makes the heart stand 
still in diastole, it seems probable that its stimuIatiBg action is exerted 
on a gaoghon, rather than on a nerve-fibre ; and we therefore suppose 
that it acts on the inhihitury ganglion i.{S6) As the action of nicotia is 



Df; &rther from tlie heatt than t, onr first Idea is, 
tha.t it must be the nerve-iibres v. But, oa applying nicotia to the 
trunk of the vngus, after fixing the heart in Coats' apparatus, we tind, 
on initatiDg the necve above the point, that it still conducts impressions 
and causes stoppage of tbe heart. We are thus led to suppose the exist- 
ence of an intermediate apparatus on which nicolia acts ; but, whether 
or not this intermediate part simply consist of nerve-fibres less protected 
from the poison than those in the trunk, we caunot say. As alropia de- 
atroya the action of muscaria, it may act like muscaria on ! ; but the fact 
that muscaria does not destroy that of atropia would lead me to refer the 
action of Ihe latter to a part between I and M, which is represented by b. 
Of what nature this part is, we know nothing; but that such a part exists, 
is rendered all the more probable by the mutual antagonism of atropia 
and physostigma. Although this latter poison renders the vagus very 
sensitive, so that the power of any irritation applied to its trunk to slop 
Ihe heart is immensely increased, (37) yet it has not the extraordinary 
power ofprodncingstillstand of the heart possessed by muscaria. Unlike 
muscaria, however, it has the power of removing (he paralysis of the 
vagus produced by atropia ; and, though an additional dose of atropia 
will again cause paralysis, a second dose of physostigma will again 
remove iL(SS) This diflerence of action between muscaria and physo- 
stigma seems to show that they act on different nervous structures ; 
while Ihe mutual power that atropia and physostigma possess to neu- 
tralise each other's effects, indicates that atropia acts on the same 
structure as physostigma, and consequently on a different one from 



F ATttopiA AND Phvbostigm A. —Atropia and phy- 
sostigma are thus physiological antidotes to each other ; and Eraser has 
shown (hat a dose of physostigma lai^e enough to kill an animal may 
be given to it with impunity, if atropia be administered along with it ; 
and that the animal maybe afterwards destroyed by a small dose given 
alonctSg) It is true, they do not completely counteract each other's 
action, each one seeming to produce several eiTects, some oF which, and 
these the most deadly, are neutralised by those of the other dmg, 
while others are not so neutralised j and, if enormous doses be ad- 
ministered, those active effects which are not neutralised may become 
so powerful as to cause death, although they are comparatively unim- 
portant when the dose is GOkoll.lQO} 

Importance OF THIS IN Thekapkutics.— Nevertheless, within cer- 
tain limits these poisons do antagonise each other most successfully ; 



and &u obEarvi.tton seems to me to have a. most important bearing on 
the trealraent of such diseases as have their origin in morbid matter in- 
troduced into the system, for it sliows that it is not always oecessary to 
eliminate a poison in order to remove its effects, but that it may be 
neutralised and rendered innocuous while still present !□ tbe organism ; 
and seems to indicate tbat, for tbe treatment of lymotic diseases, we 
should seelt to discover such remedies as will counteract the effects of 
the poisons on which they depend, and not merely endeavour to 
quicken their elimination. 
Action of Various Drugs on the Inkibitort Apparatus.— 

From experiments which he has made on the excised bearta of frogs 
with Ludwig and Coats' apparatus, Boebmlg i ) has come to the conclusion 
that couia paralyses the terminal ^laments of the vagus ; nicoda the in- 
termediate structure between Ihem and the inhibitory ganglia ; and that 
others, such OS atropia, hyoscyamia, daturia, physosligmia, aconitio, del- 
phinia, and vemtria, diminbh or destroy the irritability of the inhibilory 
ganglia themselves. It is rather extraordmary to find physosligmia in 
this list ; ani3 it would thus seem that the pure alkaloid which Boehm 
used bad a difTerent action from the tincture used by Von Beiold, un- 
less it be that the result depends simply on a differeoce in tbe amount 
of the poison used. 

Accelerating Ganglia in the Heakt,— We infer the presence 
of quickening ganglia in the heart, from the eRecta produced by irri- 
tating the vagus after its inhibitory power has been destroyed by the 
administration of nicotia or atropia. When iriitalion h then applied 
to the nerve, it no longer produces retardation, but, on the contrary, a 
decided acceIerB.lion of the cardiac pulsations. This shows that the 
vagus contains fibres which quicken the heart, and tbat these are un- 
affected by the drugs which have paralysed the others. The quicken- 
ing, however, does not take place till some time after the application 
of the irritant ; and, if it be applied only for a short time, no accelera- 
lion may take place till after its removal ; but, afler it does occur. It 
remains for a considerable time. If we irritate the heart directly, 
instead of irritating the nerve, ils beats are quickened at once, and ihe 
acceleration does not last long after the irritation is discontinued. This 
shows that, when we stimulate the quickening nerves, we do not act 
directly on the motor ganglia M (Fig. ll), as we do when we irritate the 
heart itself, or as we should do if the quickening fibres ended directly in 
them ; and we therefore infer the existence of the accelemting ganglia 
Q between the quickenbg nerves sand the motor ganglia M. (91) Theac- 



celeratiiig nppiralus seems lo be slimulaled by veralria ; for we find 
that the cardiac pulsations ire increased by its administration to mam- 
mals in which the spinal cord, va^, sympalbelics, and depressors, have 
all been divided, or when it is applied to the excised heart of a rr<^ {93. ) 
Is Quickening of thb Excisrd Heart due to Paralvsis of 
Inhibitory OR Stimulation of Accki.eeating Ganglia? — It is 
possible that the quickening may be due to paralysis of the inhibitory 
ganglia in the heart, and not to stimulation ol the quiclcenicg ganglia. 
This can be decided by paralysing the inhibitory ganglia by means of 
alropia, before applying the poison Co be tested — t.^., veratria. If the 
latter poison exercise a stimulating action on the quickening ganglia, 
it will quicken the heart after atropia has been applied. If it simply 
paralyse the inhibitory ganglia, it will have no further effect after their 
power has been destroyed by alropia. In the diagram, 1 have figured 
intermediate structures c and D between the quickening nerves and 
ganglia, so as to correspond with those of the inhibitory apparatus ; but 
whether they really exist or not, we cannot at present say. 

Is THB Co-ordinating Apparatus of tub Cardiac Ganglia 
PARALYSED ?— Regarding this apparatus we know almost nothing. 
When the heart is dying, its rhythm is often disturbed, and two or 
three contractions of the auricles may occur for every contraction of the 
ventricle. When laudanum Is poured into the heart, the rhythm is 
quite reversed ; for aftereach pause the ventricle contracts first, and con- 
traction of the auricle follows it (94). Digitalis and some other poisons 
cause peristaltic movements in the ventricle ; and occasionally some 
spots in the ventricle continue to pulsate while the rest of it remains 
firmly contracted and motionless (95). These effects areprobably due to 
disturbance of the apparatus which connects tbe different motor ganglia 
in the heart and causes them to work in unison. 

Are the Muscular Fuirbs of thb Heart paralvskd!— We 
test this by applying an irritant to them directly, and seeing whether or 
not they contract. If the motor ganglia be uninjured, the application 
of an irritant generally produces a rhythmic contraction of the whole 
heart ; but, if they be paralysod while the muscular fibre is healthy, the 
irritation only causes a local contraction of the part to which it is 
applied. 

Blood -Pressi;eb. — The blood- pressure depends on two things— i, 
the activity with which the heart pumps the blood into one end of the 
arterial system ; 2, the rate at which it (lows out at the other end into 
i. The rate is regulated by the snuJ! arteries and capillaries, 
M 



which dilate and contract so as to iiuicken or slow it. The power of 
contraction is denied to the capillaries by many physiologists ; liut 
Stricltet has, I think, conclusively shown that they do possess it (96). 

The rapidity with which the blood tiows through them does not 
depend entirely on the width of the capillaries, but also on ilie pressure 
on the arteries which is forcing the blood into them. The higher tliis 
is, the more rapidly does the blood flow ; and in proportion as it dimi- 
nishes, does the current become !ilower. From this circumstance we 
can judge of the force of the heart-beats from tlie form of the curve 
which we obtain with the sphygmosoope. When the heart contracts 
with great force, it drives the blood out of the ventricle into the arte- 
ries so quickly that there is no time for much to escape from the capil- 
laries while the systole lasts ; and so the tension rises high. This in- 
creased tension makes the blood run qoicUy out of the capillaries, and 
we have a fall of pressure, rapid at first, but gradually becoming slower 
as the tension diminishes. This is shorni in Fig, 13. When the heart 



contracts less forcibly, it sends in llie blood more slowly, and there is 
time for a greater quantity to escape by the capillaries during Ihe 
systole ; and the tension does not rise so high. From the tension being 
lower, tlie outflow of blood is not so quick j and the pressure therefore 
sinks more gradually than in Ihe former case. This is represented in 
Fig. 14. Both of these iignres were obtained by connecting a sphyg- 



moscope with a schema of the circulntion such as 1 have already de- 
scribed, and compressing the India-rubber ball which represented the 
heart with greater or less force and suddenness ; care being taken, how- 
ever, to empty it completely each time, so that the amount of air sent 
out should always be alike. 
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As variations in the blood- pressure may be due to alterations in the 
activity of the heart or the siie of the capillaries, or to both together, we 
cannot say when it is due to the one and when to tlie other, unless we 
can keep one of them constant while we allow the other to alter, or 
unless we examine them both separately. 

Elimination of the Action of the Heart.— We may keep the 
action of the heart tolerably constant, and thus ascertain with consider- 
able ej:actitude the action of any drug on the exit-tubes— whether they 
be arterioles or capillaries matters not — by separating the heart from 
the nerve-centres, and then injecting the drug into the circulation. 

Division op Cardiac Nerves.— This separation can be effected 
to a considerable extent by dividing the sympathetics, vagi, and de- 
pressors in the neck ; bat it is done much more effectually by dividing 
the nerves near their entrance into the heart by a fine wire heated by 
means of a galvanic battery (97). 

As poisons generally produce thar most marked effects on the heart 
of mammals through the nervous centres whose connexion with the 
heart we have thus severed, alterations in the blood -pressure will be 
due to changes in the vessels, except in so far as the drug may have 
affected the cardiac muscle or ganglia. But, just as we obtained the 
most exact results when we examined the heart altogether apart from 
the blood-vessels, so we shall probably come to the most satisfactory 
conclusions regarding the vessels by observing them apart from the 
heart You will remember that, during the diastole, the circulation is 
carried on entirely independently of the heart by the pressure of the 
blood in the arteries ; and, if we can prolong the diastole sulticiently, 
we shall be able to tell whether the vessels are dilated or contracted by 
simply seeing whether the pressure sinks quickly or slowly. 

If we prevent any blood from being pumped into the aorta by the 
heart, the arterial system vrill come to resemble a bottle with a hole in 
it, from which the fluid which it contains is running. The larger the hole, 
the more quickly will it run out and the bottle become empty, and vire 
versA; and, in the same way, the more dilated the capillaries are, the 
quicker will the blood run out of them into the vein, and the preseure 
sink in the arteries; the more contracted the capillaries are, the more 
slowly will the blood flow through them, and the more gradual will be 
the fall of pressure. In the case of many poisons, we may do this by 
irritating the vagi before poisoning, and seeing how quickly the pressure 
falls while the heart is standing still ; and then repeating the experi- 
it after injecting the poison. If the pressure fall more quickly in 
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the second case, wc know lliat the vesaela have liecome dilaled ; and if 
more slowly, thai Ihey have contracted (9S). Of course, only those parts 
oF the liacings in which the pressure has been the same are to be com- 
pared with each other ; hut, i/ we stop the heart long enough, we can 
always get parts in both which are capable of comparison. 

When the poison paralyses the vagus, as atropia does, this method 
fails ; and then we must open the thorax, perform artificial respira- 
tion, and put a ligatore round the aorta. 

Artificial Circulation in Mammals.— As an animal quickly 
dies when the aorta is ligatured, it is better to carry on artitidal 
circulalion by a syringe through a cannula inserted into the aorta, 
as Hering (99) has done in his researches on the connexion be- 
tween arterial movement and respiration. After the blood lias cir- 
culated once, it may be defibrinated, shaken with air, warmed to 
40 dcg. Cent., and reinjected. Instead of using a syringe, the can- 
nula in the aoita may be connected with the nozzle M, Fig. 6, and 
the blood put in the Risk 3. It can thus be kept at a consiajit 
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lempcraBire more easily than when a syringe is employed. The 
pressure may be alternately increased and diminislied so as to imitate 
the beats of the heart by raising and depressing the flask A. This 
may be done by passing a string over a pulley, and attaching one 
end to the flask and the other to a treadle worked by the foot. Warm 
blood has the disadvantage, that it undergoes change and becomes 
decomposed quickly; and cold blood may, therefore, be sometimes 
preferred. When cold blood is employed, only Ihe flask which con- 
tains the blood is necessary ; and it may be raised or lowered in Ihe 
same way as the nlhct, 
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Artipiciai. Circulation in Frogs.— Artificial cIn:nratirarina.y~Gi 
kept up in froEE byBimiily inserlinR a eaimula inlo the aorta, and allow- 
ing Llood to flow into it from b ra.ised reservoir, as done by RoUelt (lOO). 
By using two, ss in the experiments on the frog's heail, normal blood 
may be ^owed first to circulate through the Teasels ; and, the web 
being put under the microscope, their diameter may be measured; and 
then poisoned blood may be allowed to How through theiD, and any 
change in their diameter noticed. 

Observation of Vessels. — The parts best adapted for observing 
cbnnges in the size of vessels in mammals are the ear in rabbits aod the 
mesentery. Wiien the nieientery is chosen for observation, the abdo- 
minal parietes should be divided ; but the peritoneum should not be 
opened, as changes in the diameter of the mesenteric vessels may be 
observed through it, and they are thus protected frora the disturbing 
element which the irritation produced by the access of air to them 
would introduce into the experiment. The vessels in the rabbit's ear 
are readily measured by a micrometer used with one of Briicke's mag- 
nifiers, which is simply a telescope with an estreroely short focus. The 
ear should be held up so as to allow the light to shine directly through 
it, and the magnifier placed horizontally. 

The area of the capillariesmaybelessened, and theflow of blood through 
thetn retarded in two ways ; I, by contraction of their walls ; z, by 
pressure exerted on them from without. They may be made to contract 
by irritation, I, of the vaso-motor centra, 2, of the vaso-molor nerves, 
or, 3, of their muscular walls ; and pressure may be exerted from without 
by the motions of muscles or of organs composed of involuntary mus- 
cular fibre such as the intestines. The movements of respiratiou also, 
OS already mentioned, exercise an important influence on the pressure. 

Elimination op Respiration and Muscular Movemknt.^ 
The influence both of respiration and of muscular movement may be 
eiiminated bj giving the animal curare, and keeping up artificial re- 
spiration, before beginning to experiment with the drug whose action 
we wish lo examine. 

Elimination of Vaso-MOtoe Centre. — For the purpose of ascer- 
taining whether the drug has acted on the vascular walls or on the vaso- 
motor centre, we divide the vaso-motor tierves going to a part before 
injecting it, and see whether it acts as it would have done had they 
been undivided. Thus, when we are observing the rabbit's ear, we 
divide the sympathetic in the neck ; and, when looking at the mesen- 
tery, we cut the splanchnics before the injection, and see whether the 
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TBSsels contract or dilate as we have previously seen them do under 
inlliience of the poison in animals in whom the nerves were intict. 

For the purpose of ascertaining whether the drug acts on all the ves- 
sels in the body in the same way that it does on [hose of the ear or 
mesentery, we first cut the vagi, sympathclics, and depressors ; and 
then divide the spinal cord between the occiput and atlas, or atlas and 
axis, so as to sever the connexion between the vasomotor centre and 
vessels, and begin artificial respiration. We next note the blood- 
pressure, inject the poison, and see what alterauons it produces. Expe- 
riments may also be made by irritating the vagus or ligaturing the 



Action of Surkounding Parts.— It sometimes happens, a 
the case of physostigma, that the drug produce 
vessels of the eir or mesentery when their nerves 
shows that it acts on Ihem through the vaso-motor nerves, and not 
directly oa their walls ; and nevertheless, when injected into a vein 
after the cord has been cut, it may cause the blood -pressure to rise very 
considerably. At first sight, this would seem to indicate that tlie drug 
acted on the walls of some vessels in the body, if not on those of the 
ear or mesentery, directly, and not through their vaso-motor nerves. 
On examination, however, it is found that the obstmctiou to the Bow 
of blood through the capillaries does not depend on their contraction, 
but on the occlusion of a laige number of them in the intestine by spas- 
mofthe intestinal wallsin which they are imbedded (loi). 
E Pulmonary Capillaries.— It has lately been 
pointed out by Holmes (laz) that when a drug such as ergot, which acts 
on the walls of the vessels and canses them to contract, is injected into 
the jugular vein, it has to pass through the pulmonary capillaries before 
it reaches the systemic ones ; and, by contracting them, it will lessen 
the amount of blood sent into the aorta from the left ventiicle, and will 
at first produce a fall in the arterial pressure, succeeded by a great rise 
when time has elapsed for the drug to reach the systemic capillaries and 
cause them likewise to contract. 

UsB OF THE Sphvi;mograph. — For a description of the sphygmo- 
grapb and the mode of applying it, we must refer to the special works 
on that subject, such as those of Marey and Sanderson. The indica- 
tions which it gives are the following, i. The greater or less pressure 
which is requisite to compress an artery and stop its pulsations enables 
us to estimate approximately the amount of pressure within it. The 
amount of pressure and the rapidity of the pulse help us to form con- 
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elusions regarding the motor and inhibitory apparatus of the heart, in 
the same way as in the experiments, already mentioned, though, of 
course, to a much more limited extent and with . much less cer- 
tainty. 3. The form of the curve, like those in Figs. 13 and 14, shows, 
in the same way as those of the sphygmoscope. Figs. 13 and 14, the 
rapidity with which the pressure falls during the diastole ; and from 
this ourve and the amount of blood-pressure we can judge of the size of 
the capillaries. 
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APPENDIX. 



Arlificia! Ca-cjilatien Ihrough Isolated Organs. — In order to study 
the effects of alterations in the blood, and tlie action of various poisons 
upon the walls of the vessels Cheuiaelves, with entire exclusion of the 
nervous system, Ludwig and Mosso have kept up artificial circulation 
in the kidney and the liver. In rerooving these organs great care is 
taken not to wound them, and the diaphragm is removed aJong with 
the liver. In experimenting on the kidney large dogs were employed. 
The carotids were first opened, and blood allowed to How until convul- 
sions bt^an. The artery was then closed for some time, during which 
the blood was defibrinated and part of it put inln a flask, so as to be 
ready to wash out all the coagulable lilood from the kidney. The 
carotids were now opened a second time, and as much blood as possible 
got from them by pressure on the abdomen, etc As soon as the 
animal became insensible the abdomen was opened, the renal artery 
was then compressed just above its bification, so as to prevent any ait 
getting into it, and a glass cannula was introduced into the mainartery; 
another cannula was put into the renal vein. All the small vessels which 
communicate with adjacent parts were ligatured, and the kidney was 
then removed. Before connecting the cannula in the renal artery with 
the apparatus for artificial circulation, it was carefully filled by means 
of a line pipette with defibrinated blood, and the utmost care em- 
ployed to prevent any air bubbles from getting into the vessel. After 
the communication between the renal artery and the flask has been, 
opened, it sometimes happens that blood does not flow until a consider- 
able time has elapsed, owing apparently, to 9 tetanic contraction of the 
vessels in the kidney. 

After the blood has begun to How it does not do so in an equable 
stream, as it would do thioagh glass tubes, but its velocity is alternately 
greater and less, owing to periodic contractions of the walls of the 
renal vessels, independently of any nervous influence. If the circula- 
tion is arrested for some time and then allowed to go on, the rapidity is 



much greater after tban before the stoppage, but it gxudiially falls n^oin 
to nonnal. Blood containing much carbonic acid and little oi^en 
(irstickuHssblul I, causes the vessels (o conlract, and the stream la be- 
came slow; while blood containing much oxygen and little carbonic 
add causes them to dilate. When different sorts of blood are allowed 
to circul3.te after each otber through the kidney, and each successive 
kind contains less COi than the one preceding it, the rapidity of 
the flow from the vein goes on increasing ; or, as it might be 
expressed, each kind of blood in tills series seems to diminish the 
amount of contraclion of the vascular walls which the greater amount 
of COj in the preceding kind had occasioned. The order would be 
this — suBbcation-iblood^Tenous— arlerial— apnieic, i.c.saturatedwith 
oxygen, by agitation with air. This diU'ation, however, was only tem- 

When nicotine was mixed with blood in the proportion of I to lo,ooo 
it seemed, at first, to cause contraction of the vessels, for it produced a 
diminution in the flow of blood, and also in the size of the kidney ; 
but both soon return to the normal. One per cent, of nicotine, on the 
contrary, seems to cause immediate dilatation of these vessels, for it 
immediately Causes an increase in the velodty of the current and the 
size of the kidney. The increased velocity is not to be entirely 
ascribed to contraction of the vessels, for a soliifion of nicotine of this 
strength alters the blood, and will diminish the friction in 

Atropia has a powerful action, and different i 
ferent effects. In the proportion of i in loo,a 
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rapidity in the flow of blood and in the volume of the kidney, liut 
both soon return to their normal. One in lo.ooo causes diminished, 
followed by increased rapidity, but this soon disappears. One in 5,000 
soon kills the kidney, but before doing so causes first, diminution, and 
then acceleration of the current through it. Chloral hydrate first 
causes diminished and then greatly increased velodty, but it also 
has a very peculiar action on the ves.sels, increasing Ihe rhylh- 
■mical contractions in ihem when they are present, and causing them to 
appear wlien they were previously absent. 

The shocks of an ini^nction coil, or Faradaic currents, do not alter 
the velocily of the cu-culalion, but constant currents do. During the 
time they are passing, both Ihe rapidity of the current, and the size of 
the kidney increase, and after the irritation ceases they diminish. 
When the circulating b'ood conlaina a small quantity of chloral, this 
action is altered. At first, when the chloral has not altered the current 



mucli, it becomes slightly diminished during Ihc irritation, and slightly 
increased after its remova.1. When the cUora.1 has acted longer and 
increased the velocity of the current to live or six times its normal, no 
alteration is noticed during the application of the current, but a Btill 
further increase occurs after its removal. 

After the kidney has been removed from the body for twenty-four 
hours, and Itept in a cool place, its vessels still retain their irritability, 
but small doses of chloral in such a kidney only cause contraction, and 
larger doses of 0.3 to 0.5 per cent, are requisite to induce dilatation. 
The effect is not due to the action of the chloral on the blood, for it is 
produced when the blood is replaced by serum. One of the most 
extraordinary things about the action of chloral is that, in the dead 
kidney, instead of increasing the rapidity of the current, or leaving it 
unaltered, chloral greatly diminishes it — exactly the opposite to its effect 
on the Eving oi^an. When the blood used in the artiiicia! circulation 
is saturated with carbonic acid chloral no longer produces any effect on 
the vessel^ so its action would <eem to be abolished by this gas. 



Induction 0/ Ajuatktsia—Al page 31 I have stated that chloro- 
form is inadmissible as a narcotic, as its administiation seemed to cause 
dogs so much pain, Ifnt farther experience has shown me that this stale- 
ment is incorrect. Chloroform can be readily administered to all 
animals by placing them under a glass bell jar, along with a sponge or 
piece of blotting-paper, saturated with the ancesthetic The advantage 
of the glass jar is, that the movements of the animals can be distinctly 
seen, and they can be removed immediately on their becoming insen- 
sible, thus atoiding the danger to which they would be exposed by 
longer inhalation of air saturated with the vapour. The vapour being 
heavier than air sinks to the bottom of the jar, and when the animal 
falls unconscious, the air It then respires is much more heavily charged 
with the vapour than that which it breathed while still erect On 
account of the density of chloroform vapour, noEPsthesia is more quickly 
produced when the bell jar has an opening at the top which can be 
plugged with cotton wool satorated with chloroform, than when the 
sponge is laid at the bottom of the jar ; as in the former case the vapour 
falling down is more rapid lyjdiffused through the air of the jar than in 
the latter. Instead of a bell jar a deep milk pan may be used, the 
rabbit or cat being placed in it, and the top covered by a towel 
stretched tightly over it. The chloroform is sprinkled on (he towel. 
Anxsthesia is thus rapidly induced, but care must be taken not to 



nain too long ia the vessel. For large dogs an 
>r boi, witbout the lid, ma^^ be used instead of a. 



allow the aninml tc 
inverted packing-ea 
beU jir. 

Alier the animals have been rendered insensible and the operation 
hasbeenb^un.theanicsthesiamayhelteptup byputtingepieceofdoth 
round the animal's nose and pouring chloroform upon it, a drop or two 
at a time, as often as is necessary. In this way less chloroform is re- 
quired, and there is not so much danger of killing the animal by giving 
it thevapDur in too concentrated a form. 

Instead of keeping up the aniesthesia by the continned administration 
of chloroform, it is often more convenient to open a vein and inject 
opium or chloral. 

In operations on the abdominal viscera in dogs, ^.g:, in making gas- 
tric listuke, death sometimes occurs from shock, although the animals 
are completely under the influence of chloroform. For such operations 
ether is preferable, as it increases rather than diminishes the power of 
the heart. If given in the same way as chloroform, however, much time 
and a very large quantity of ether are required to produce anaesthesia. 
Professor SchifThas found, however, that itcanbe readily done by pouring 
a quantity of ether into a bladder, and holding this tightly around the 
dog's mujile so that it respires ether vapour almost pure. As dogs do 
not like to he tied down, the muzile shown at Fig. II, p. 28, should be 
put on, and the operator sitting on a low stool should put (he dog'a 
fore paws on his luiee, and hold them wilh one hand, while with the 
other arm passed round the dog's body he restrains its movements, and 
an assiitanl holds the bladder with ether over the dog's nose. 
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